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FEASIBILITY STUDY REPORT - OPERABLE UNIT 2
SEDIMENT, GROUNDWATER, AND NAPLs

WESTINGHOUSE ELECTRIC (SHARON PLANT)
SHARON, PENNSYLVANIA

1.0 INTRODUCTION

tiis Feasibility Study (FS) Report for Operable Unit 2 (OU2) has been prepared on behalf of
CBS Corporation (CBS) for the former Sharon Plant in Sharon, Pennsylvania (Figure 1-1) in
ccordance with the Consent Order and Agreement, dated September 21, 1988, between
estinghouse Electric Corporation (Westinghouse) and the Pennsylvania Department of

I Environmental Resources (PADER) (currently Pennsylvania Department of Environmental
1 'rotection [PADEP]). This document was completed pursuant to the Remedial
nvestigation/Feasibility Study (RI/FS) Work Plan, Revision 2.0 (Rizzo Associates, 1992),
nd draws from information presented in the RI Report (Cummings/Riter, 1996) and the
Human Health Risk Assessment (HHRA) (ChemRisk, 1998).

In 1998, based on a review of the available data, and after discussion with
.S. Environmental Protection Agency (USEPA) and PADEP, CBS determined that
ufficient and/or recent data was not available at that time to assess remedial alternatives
groundwater [including non-aqueous phase liquids (NAPLs)] and sediment. With the

oncurrence of the agencies, CBS prepared and submitted a FS Report for site soils
Operable Unit 1) while gathering additional data for groundwater, sediment, and NAPLs.
he Final FS Report for soils was submitted on November 17,1998, and was approved
y the agencies on December 17,1998. Accordingly, this FS Report for OU2 evaluates
otential remedial alternatives for site groundwater, sediment, and NAPLs.

.1 SITE BACKGROUND
he Remedial Investigation (RI) Report presented a detailed summary of historical and
urrent site background information. In brief, the nearly 58 acre plant site (Figure 1-2)
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has had a long history of industrial use, including iron foundry manufacturing and flour
milling dating back to the mid-1800s when a branch of the Erie Canal passed through
what is today referred to, on-site, as the Moat. Westinghouse acquired the property from
the Savage Arms Corporation in 1922, and operated it over a period of 62 years until it
ceased operation in 1984. The Sharon plant produced distribution transformers, power
transformers, and related electrical apparatus. During World War n, two-thirds of the
facility was used and controlled by the United States government for manufacturing
activities in support of the war effort. Specific activities included development and
production of underwater ordnance and radio and radar transformers and transformer
cores.

1.2 REGULATORY BACKGROUND
In November 1980, the facility qualified for Interim Status under Subtitle C of the
Resource Conservation Recovery Act (RCRA) when Westinghouse filed a Notification of
Hazardous Waste Activity and Part A of a RCRA Permit Application to treat, store or
dispose of hazardous waste. Westinghouse withdrew the Part A Permit Application in
July 1983 and converted to generator-only status.

Westinghouse originally submitted a National Pollutant Discharge Elimination System
(NPDES) permit application in 1972. Section 1.5.1 of the RI contains a detailed
discussion of the NPDES permitted outfalls since 1981.

In April 1985, PADER issued Westinghouse an Administrative Order to undertake a
subsurface investigation to determine the horizontal and vertical extent of impacted
groundwater and soil (final report submitted by Westinghouse in September 1986), and to
submit a Proposed Plan and Schedule for the cleanup of any identified impacted soils and
groundwater (submitted by Westinghouse in October 1986).

The site was proposed for inclusion on the National Priorities List (NPL) in June 1988
and was listed on the NPL in August 1990.

In September 1988, Westinghouse entered into a Consent Order and Agreement with
PADER to conduct a RI/FS to determine the nature and extent of contamination at the
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V; site. In May 1990, Westinghouse requested permission to extract and dispose of light
r on-aqueous phase liquids (LNAPL) at the site. As a follow up to this request, in
February 1994, the USEPA issued a Unilateral Administrative Order (UAO) for the
ceyelopment and implementation of a Response Action Plan for the removal of LNAPL
from groundwater underneath the tank farm in the Middle Sector in order to reduce the
t ireat of off-site migration of LNAPL. A Pilot Study report and addendum letter was
pproved by the USEPA in August 1995. LNAPL recovery and disposal is an ongoing
rsmoval action under the UAO (see Section 1.4).

On March 20, 1996 Westinghouse submitted the final site RI Report (approved by
I'ADEP on May 24,1996). On June 6,1997 Westinghouse submitted a final site
creening-Level Ecological Risk Assessment (approved by PADEP on August 7, 1997),

and on April 7, 1998 CBS submitted the final site Baseline Human Health Risk
Assessment (approved by PADEP on April 22, 1998). Both risk assessments were
prepared by ChemRisk® under contract with Westinghouse/CBS.

Final FS Report for OU1 (soils) was submitted by CBS on November 17, 1998, and
V / was approved by PADEP on December 17,1998. USEPA issued a Proposed Plan for the

remedy of OU1 on June 7, 1999, and the Record of Decision for OU1 is expected to be
i ssued shortly. Based on the Proposed Plan, the selected remedy for site soils may
i nclude the excavation and removal of selected soils impacted primarily by
] olychlorinated biphenyls (PCBs) and lead, the placement of a soil cover over other
selected soils impacted primarily by PCBs and lead, and the implementation of deed
restrictions to prevent the uncontrolled disturbance of remaining impacted soils.

1.3 PHYSICAL CHARACTERIZATION
The following subsections provide a brief overview of the physical setting of the site,
including hydrologic, geologic, and hydrogeologic characteristics in the vicinity of the
site. Greater detail on each of these topics can be found in Section 3.0 of the RI Report
(Cummings/Riter, 1996).
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1.3.1 Surface Water Hydrology
The regional area surface waters drain to the Upper Ohio River Basin. The main
tributaries to the Upper Ohio River Basin are the Beaver, Mahoning, and Shenango
Rivers. The Shenango River is the dominant surface drainage feature in the immediate
site area. The Shenango River flows south from the Shenango River Reservoir, located
approximately 3.5 miles to the north, past the site to the confluence with the Mahoning
River to form the Beaver River south of New Castle, Pennsylvania.

Uses of the Shenango River in the vicinity of the site include recreation and fishing.
Additionally, the Shenango Valley Water Authority draws water from the river
approximately 1,600 feet downstream from the Clark Street bridge. The median and
mean flow rates of the Shenango River at the Clark Street bridge are 398 and 797 cubic
feet per second, respectively, as measured by the U.S. Geological Survey.

Surface water drainage in the areas adjacent to the site and on the site itself is controlled
by storm sewers. The site is largely paved or under roof, and thus infiltration of rainwater
is limited. The locations of the storm sewers currently receiving drainage from the site
are shown on Figure 2-2 of the RI. The Wishart Court sewer receives runoff from the A,
B and C Buildings, as well as from the southern half of the F, F-H, H and T Buildings.
The Franklin Street sewer receives storm water from the Y Building. The Clark Street
sewer receives runoff from the northern half of the F, F-H, H and T Buildings, as well as
from all buildings in the North Sector.

1.3.2 Local Geology
The former Sharon Transformer Plant is located in the glaciated section of the
Appalachian Plateau physiographic province. The area is a maturely dissected plateau
consisting of highlands separated by deep broad valleys. The glaciation of the area masks
the preglacial topography without completely hiding it. The effect of glaciation was to
smooth and erode hills and partially infill valleys; although many pre-existing features are
still evident. Section 3.3 of the RI Report provides a detailed discussion of the regional
geologic setting. Following is a description of the local geologic setting, as provided in
the RI Report (Cummings/Riter, 1996).



The presence of variable amounts of artificial fill is indicated by site borings. The
ickness of the fill across the site ranges from nonexistent to a maximum of

approximately 20 feet. Fill was not encountered in borings along much of the eastern
portion of the site (Figure 3-5 of the RI). In the North Sector, the fill reaches a maximum
ickness of 12 feet in Monitoring Well N-l. The maximum thickness of the fill is

19 feet, achieved in the southwest corner of the Middle Sector (Monitoring Well M-5).

A review of logs for borings encountering fill conducted during the comprehensive
subsurface study (Rizzo Associates, 1986) and the RI indicates the fill is primarily
comprised of loose to dense, gray, black, and brown cinders and slag with some wood and
rick fragments, and trace amounts of sand and silt.

". tie Shenango River Valley bottom contains Holocene Age alluvial deposits consisting of
s md, gravel, silt and clay. Based on the results of site borings, alluvial deposits are
present across the site. The alluvial deposits at the site are composed of reworked glacial
material. The alluvium thins along the eastern portion of the site (Figure 3-6 of the RI).
Based on field observations and data from borings, it is unlikely that the alluvial deposits

I / extend beyond Sharpsville Avenue, except in the southeastern and northeastern limits of
t le site. Alluvial deposits obtain maximum thickness in the area along the western limits
of the Middle Sector and the area east of the former moat in the vicinity of Monitoring
Wells S-7 and S-13 (Figure 3-6 of the RI).

Unconsolidated deposits of Pleistocene Age glacial till are present across the former
haron Transformer Plant Site. The glacial till is present between the alluvial deposits
nd bedrock. The glacial material encountered at the site is believed to correspond to the
itusville and Mapledale Tills. The glacial till at the site ranges in thickness from less

than 10 feet to more than 80 feet thick. The thickness of the glacial till at the site is
depicted on Figure 3-7 of the RI.

he surface elevation (feet mean sea level [MSL]) of the glacial till (alluvium/glacial till
ontact) was determined for each boring and the results contoured (Figure 3-8 of the RI).

The surface of the glacial till, as inferred from site borings, generally slopes from east to
/est across the site. Two depressions are present in the glacial till surface; in the South
ector near Monitoring Well S-7 and also along the western portion of the Middle Sector
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building, in the area of Monitoring Wells M-5, M-12 and MW- 14B (Figure 3-8 of the
RI). These depressions in the surface of the glacial till generally correspond to areas
where the overlying alluvial deposits are thickest,

A review of logs for borings encountering glacial till conducted during the comprehensive
subsurface study (Rizzo Associates, 1986) and the RI indicates that glacial till is primarily
comprised of hard, gray to brown silt and clay with some very dense, fine to coarse sand,
gravel and rock fragments.

Bedrock underlying the former Sharon Transformer Plant is blanketed by unconsolidated
deposits of Holocene Age (alluvium) and Pleistocene Age (till). The bedrock beneath the
site consists of shale, siltstone and sandstone of the Mississippian System, The bedrock
units encountered in site borings include the Orangeville Shale and the underlying Berea
Sandstone. Bedrock of the Pennsylvanian System subcrops in the area immediately east
of the site.

It has been reported that the Sharpsville Sandstone subcrops beneath the unconsolidated
deposits along the east side of the former Sharon Transformer Plant (O'Brien and Gere,
1983b). A review of site borings which were advanced to bedrock indicates that the
Orangeville Shale subcrops beneath most of the immediate site area. If present, the
Sharpsville Sandstone is likely to be slightly east of Sharpsville Avenue. The Berea
Sandstone was apparently encountered in two site borings, N-3B and R-l.

The surface of site bedrock was altered during the Pleistocene epoch by the advance and
retreat of the glaciers, which scoured the bedrock surface. The approximate existing
bedrock surface, as inferred by site borings, is presented on Figure 3-9 of the RI. As
shown on that figure, the bedrock surface ranges in elevation from 830 to 780 feet MSL
on the former Sharon Transformer Plant Site. The bedrock surface is quite variable, with
the highest elevations in the southern portion of the site. The bedrock surface generally
slopes north and west from the South Sector. The depth to bedrock ranges from 31 feet
(Borings S-2B and S-10) to 108 feet (Boring N-3B) below ground surface.
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A review of logs for borings encountering bedrock conducted during the comprehensive
ubsurface study (Rizzo Associates, 1986) indicates that bedrock encountered was
generally comprised of medium to dark gray, soft-to-hard shale and siltstone, with thin
; ;ray, medium hard sandstone layers.

According to Carswell and Bennett (1963), Mississippian bedrock units underlying the
ite area dip south and southwest at the rate of approximately 15 feet per mile.

• .3.3 Groundwater
! Bedrock of the region is dissected by major and minor stream valleys. The bedding of the
1 >edrock is relatively flat-lying. Water entering the bedrock system near the top of the
ridges tends to move downward and outward toward the stream valleys. The hydraulic
head within the ridge areas decreases with depth. Groundwater may emerge as springs
nd seeps associated with aquitards along the valley walls. Some groundwater emerges

JLS base flow to small streams in the valleys. In addition, some groundwater continues to
move downward and emerge in the glacial drift along the axis of the major stream valleys
Schiner and Kimmel, 1976). Groundwater flow in bedrock tends to flow along fractures
vithin the bedrock. Two primary joint sets have been identified by Carswell and Bennett
1963) as trending N40-45°E and N40°W.

jroundwater associated with the unconsolidated deposits occurs primarily in the sand and
pravel laid down in the valley as glacial outwash or alluvium in the region. Schiner and
Cimmel (1976) report that well yields generally range between approximately 7 to
iO gallons per minute per foot (gpm/ft) of drawdown in the alluvial sand and gravel
leposits of the Shenango River in northern Mercer County. A discussion of the alluvium,
facial till and bedrock and how each relates to site hydrogeology is presented in the
bllowing subsections.

U/uvium: Grain-size analyses were performed on 15 soil samples of alluvial material
rom the site borings during the subsurface investigation (Rizzo Associates, 1986). The
•esults of the grain-size analyses indicate the composition of the samples varied widely,
with a range of silt and clay-sized particles of 3.4 to 56.7 percent. The lowest percentage
}f fines was obtained from two samples in a probable zone of glacial outwash gravel
Boring N-3). More typically, the fines averaged about 15 percent with 50 percent or
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more of the material grading medium sand or coarser. A typical permeability range for
this material would be approximately 10'3 to 10~4 centimeters per second (cm/sec) with
higher values in areas of diminished fines content (Rizzo Associates, 1986).

Groundwater in the alluvium occurs under unconfmed conditions across the site. The
depth to groundwater in the alluvium generally ranges from 2 to 20 feet below ground
surface. Groundwater associated with the alluvium generally flows west-southwest
toward the Shenango River.

A groundwater study was conducted by SRW on the property currently owned by AK
Steel (formerly ARMCO) just west of the former Sharon Transformer Plant Site (SRW,
1984). A groundwater pumping test was conducted as part of the study to estimate the
properties of the alluvium aquifer. The aquifer test findings were reportedly used in
design of a groundwater remediation system.

A six-inch diameter groundwater recovery well (PW-1) was reported to be installed to a
depth of 55 feet. Two, two-inch diameter observation wells were reportedly installed to a
depth of 30 feet.

A 72-hour pumping test was conducted at Well PW-1 by SRW with an average reported
flow rate of one gallon per minute (gpm). Transmissivity values ranging from 550 to
1,200 gallons per day per foot (gpd/ft) of drawdown and hydraulic conductivity estimates
of 6 x 10-4 to 1 x 10-3 cm/sec were reported (SRW, 1984).

The hydraulic gradient for the alluvial aquifer is variable across the site, but averages
approximately 0.015 foot per foot (ft/ft) across the site. The average linear groundwater
flow velocity in the alluvial aquifer beneath the site has been estimated using a form of
Darcy's Law, V = (Ki)/n (Freeze and Cherry, 1979); where V is the average linear
groundwater velocity, K is the hydraulic conductivity (assume 8 x 10'4 cm/sec based on
SRW, 1984), i is the hydraulic gradient (assume 0.015 ft/ft; using groundwater elevations
recorded in June 1994 for Wells M-18, 878.05 feet MSL and MW-3A, 866.25 feet MSL),
and n is the porosity (assume 0.25 for sand and gravel aquifer). The average linear
groundwater velocity for the alluvial aquifer, based on the above parameters, is estimated

i-8 &R302U99



to average 50 feet per year. Transport of constituents dissolved in the groundwater
usually occurs at rates less than the calculated average linear velocity based on variable
aquifer conditions and constituent characteristics.

Glacial Till: Glacial till of the Shenango River Valley is described by Shepps, et al.
(1959) as being generally impermeable and yields very little water. However, lenses of
sand and gravel may be interbedded in the till and the coarse material at the till/bedrock
interface (when present) is potentially water bearing.

Grain-size analyses were performed on seven samples of glacial till from the site.
Generally, the fines content was 50 percent or greater. Given the high SPT values
observed during the drilling, it is expected that the permeability of the glacial till is less
than 10-6 cm/sec (Rizzo Associates, 1986).

he glacial till is expected to act as an aquitard between the alluvium and bedrock, based
on the fine-grained texture, density and thickness of the till. Thin discontinuous sand
nd/or gravel seams will have minimal effect on vertical groundwater movement.
Vertical movement within the glacial till will be controlled by the overall impermeability
of the till.

'edrock: Groundwater flow in site bedrock is believed to be controlled primarily by
'ractures. Two primary sets of fractures are present in sandstones and shales in the area.
me primary fracture set is oriented approximately northwest-southeast and the other

primary fracture set is oriented almost 90° from the first set (Schiner and Kimmel, 1976).

Groundwater associated with the uppermost bedrock unit, the Orangeville Shale, occurs
under confined conditions. Groundwater associated with the Orangeville Shale
'. "ormation generally flows west-southwest toward the Shenango River. The Orangeville
Shale exhibits limited primary porosity, and groundwater storage and movement occurs in
he secondary fracture openings. Groundwater associated with the Orangeville Shale
l)edrock unit will generally follow the path that represents the least resistance in the
iirection of decreasing head potential. Groundwater flow may exhibit localized variances
due to anisotropic conditions created by variations in lithology, fracture density, or
structural features.
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Carswell and Bennett (1963) found that the sandstones have a much higher permeability
than the shales in the area. For example, the permeability of the Sharpsville Sandstone
can range from 5 to 50 gpd/ft2 with most wells yielding between 20 and 50 gpm. The
Berea Sandstone is reported to have a permeability ranging between 0 and 10 gpd/ft2 and
a well yield of approximately 10 gpm. The Cussewago Sandstone has a permeability
ranging from 10 to 40 gpd/ft2. Carswell and Bennett (1963) report a value of 25 gpd/ft2
for a well in West Middlesex (a few miles southeast of Sharon) which was screened in the
Cussewago Sandstone. Neither the Orangeville Shale nor the Bedford Shale is known to
produce significant quantities of water.

Carswell and Bennett (1963) also state that the Shenango River is a natural avenue for the
discharge of groundwater. Upland regions intercept most of the precipitation which
infiltrates downward into the shallow bedrock (at the surface) and then flows toward the
valley and into the unconsolidated section within the valley.

Field permeability testing of the Orangeville Shale was performed using the methodology
described in the comprehensive subsurface study (Rizzo Associates, 1986). Reported
results obtained from the tests indicate a range from not measurable (impermeable) to
greater than 10-4 cm/sec. A significant number of the tests resulted in no measurable
intake of water by the formation. This is reflective of very low permeability zones in the
rock or closure of the water bearing rock fractures by cuttings during coring. The results
for zones that took water are very consistent.

The former Sharon Transformer Plant Site is located in an area of limited groundwater
usage. Potable water for the immediate Sharon area is provided by the Shenango Valley
Water Authority. The Shenango Valley Water Authority obtains water from a surface
source located on the Shenango River approximately 1,600 feet downstream from the
Clark Street bridge and about 1,600 feet west of the site. Areas outside of the Shenango
Valley Water Authority distribution system reportedly rely on groundwater wells for
water supplies. Results from the well survey conducted during the RI indicate that no
current potable groundwater usage from bedrock wells in the vicinity of the former
Sharon Transformer Plant was reported.
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3.4 Groundwater/Fluid Level Measurements
'ater level measurements have been obtained from a total of 80 groundwater monitoring
ells installed at and near the site. Groundwater/NAPL level measurements were
erformed on site monitoring wells on a quarterly basis for approximately three years

d uring Phases IB and n of the RI.

total of 56 monitoring wells monitor the site alluvium groundwater (at the time of the
F:I). The results of the historical water levels indicate groundwater in the alluvium flows
in a west-southwest direction toward the Shenango River. Based on information
] rovided by site soil borings, there are apparently two areas at the site at which the
luvial material is not saturated. Based on the results of the boring for Monitoring Well
!-9, the alluvium is unsaturated in the area along Sharpsville Avenue and the eastern

portion of the Middle Sector. Monitoring Well N-4 was installed to communicate with
e alluvium. After installation, this well was found to be dry and was subsequently

a sandoned. The alluvium is very thin (zero to three feet) at former Well N-4.

tie average variation in groundwater levels for individual wells screened within the
luvium generally was less than five feet for groundwater elevations recorded from
lay 1990 through March 1995.

leven monitoring wells communicate with site bedrock. Monitoring Wells N-2B, N-3B,
-6B, N-7B, M-4B, M-9, M-l IB, S-1B, S-2B and S-8B are designed to communicate with
ic Orangeville Shale. Monitoring Well R-l is designed to communicate with the Berea
andstone. Although Monitoring Well N-3B is finished in the Orangeville Shale it is
pparently in communication with the Berea Sandstone. The well screen for N-3B is located
ithin the Orangeville Shale unit; however, the lower section of the boring collapsed.
ased on the historic interpreted potentiometric contour maps, groundwater gradients in the
'rangeville Shale unit are predominantly to the west-southwest toward the Shenango River.

he average variation in groundwater levels for individual wells screened within the
C (rangeville Shale formation ranged from 1 to 12 feet during the RI monitoring period
(May 1990 to March 1995).
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The groundwater elevations reported for alluvium/bedrock nested monitoring wells
indicate a downward vertical hydraulic gradient between the alluvium and the bedrock,
with the exception of the extreme southern portion of the South Sector (S-1A and S-1B),
in which the vertical hydraulic gradient is reversed, with flow potential from the bedrock
upward into the alluvium.

Four site monitoring wells were identified during water level measurements to have
unexplained declines. Monitoring Wells N-3B, M-4B, S-8B and R-l exhibited declines
in water levels ranging from approximately 5 to 20 feet. The decline in water levels
occurred between December 1992 and May 1993. Prior to December 1992, the water
level measurements for the wells were found within a consistent range. Since May 1993
the water levels in these wells have exhibited a consistently lower range than pre-
December 1992 levels. The cause for the decline in water levels in these wells is
currently unexplained, as no bedrock groundwater supply wells are known to exist in the
site vicinity.

The results for historical NAPL level measurements were utilized to develop figures
depicting areas where LNAPL (Figure 1-3) and dense non-aqueous phase liquids
(DNAPL) (Figure 1-4) have historically been observed within site alluvial monitoring
wells. LNAPL has been reported at three on-site locations as follows:

• South Sector building at Well S-4;
• Southwest corner of Middle Sector building at Well M-2; and
• The western portion of the Middle Sector building in the vicinity of the

former tank farm, extending onto the eastern limits of the AK Steel
facility.

The extent of DNAPL levels for alluvial monitoring wells includes the western portion of
the former tank farm area (Middle Sector), to the southern limit of the Middle Sector
building, and across the former Conrail railroad tracks (currently owned by Pennsylvania
Lines, LLC, a subsidiary of Norfolk Southern Corp.) onto the eastern limits of the AK
Steel facility.
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.3.5 Residential/Industrial Well Survey
^ survey of residential and industrial wells located between the site and the Shenango
I :iver was performed during Phase n of the RI. The purpose of the survey was to identify
groundwater users and obtain information concerning well use, well construction, and
epth. Of the 110 surveys mailed out by Westinghouse, 28 responses were received. No
ctive groundwater supply wells for industrial or domestic use were identified by the
survey.

Active groundwater recovery wells exist on the AK Steel facility to the west. The recovery
/ells are part of a groundwater remediation program at that site (see Section 1.4.2).

.4 PREVIOUS AND ONGOING REMEDIATION ACTIVITIES

.4.1 On-Site Remediation Projects
etween 1984 and 1986 (prior to initiation of RI/FS activities), various remedial actions

were performed by Westinghouse to address principal threats in the Moat and tank farm
i reas. These activities resulted in the excavation and off-site disposal of over 7,800 tons
f soil impacted with PCBs, including soil from the removal of five underground storage
inks and from the cleanup of a spill of approximately 6,750 gallons of a PCB-impacted
mixture of transformer oil and a petroleum distillate in the Moat. Following remediation,
fie tank excavation area was backfilled and capped with concrete, and the Moat spill area

backfilled. Details on these remediation activities are provided in the RI

n May 1990, Westinghouse requested permission to extract and dispose of LNAPL
which is a mixture of mineral oil and PCBs) from groundwater underneath the tank farm
the Middle Sector at the site, and in February 1994 Westinghouse was issued a UAO

or the development and implementation of a Response Action Plan for performing this
york. A pilot study was conducted by Groundwater Technology, Inc. in 1995 to evaluate
otential LNAPL removal techniques, including skimming, skimming with low-pressure
acuum assistance, and manual removal methods (bailing and absorbent tubes).

tased on observed recovery rates during the pilot study and initial evaluation period
ising SoakEase™ absorbent tubes and manual bailing, a belt-skimmer system was
nstalled in Monitoring Well GM-4A in June 1996. The belt-skimmer is operated for two
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15-minute periods per day. As of October 12, 1999, a total of 455 gallons of LNAPL
have been recovered from this well using the various removal methods. The current rate
of LNAPL recovery is approximately 0.4 gallons per day from this well.

In addition, SoakEase™ absorbent tubes were placed in several additional monitoring
wells where LNAPL has historically been observed. These tubes were initially inspected
on a monthly basis and replaced as needed; in October 1997 this frequency was reduced
to once per quarter. During these inspections, accumulations of LNAPL in the wells are
also bailed manually. A total of 141 gallons of LNAPL have been recovered from these
additional wells by means of the absorbent tubes and bailing. The current combined
LNAPL recovery rate from these wells is approximately 0.036 gallons per day. The
recovered LNAPL and absorbent tubes are contained for subsequent incineration at a
permitted off-site facility.

In accordance with the 1994 UAO, implementation of the LNAPL removal will continue
until USEPA determines that the removal is no longer necessary. This decision to
terminate the removal action may be triggered by the implementation of a Record of
Decision (ROD) that addresses impacted groundwater.

1.4.2 Off-Site Remediation Projects
Two previous or ongoing off-site remediation projects in the immediate vicinity of the
site are also worth noting. One of these is an ongoing groundwater remediation effort at
the AK Steel facility located immediately west and downgradient of the Middle Sector.
A groundwater extraction system with treatment by neutralization was installed at the
facility in August 1988 in response to the finding of low pH and high inorganics
concentrations in groundwater. The source of these conditions are believed to be a leak
in a pickling area and former waste acid lagoons located on the western portion of the AK
Steel facility (NUS, 1990) (Figure 1-2).

A remediation was also performed at the former Roemer Industries facility immediately
west and downgradient of the former Y Building (Figure 1-2). At this site, a soil vapor
extraction system was installed and operated from November 1990 until June 1994 to
address soil and groundwater contamination, including primarily ethylbenzene, xylene,
trichloroethene, and 1,2-dichloroethene. Site media had become impacted by waste
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i olvents used by Roemer in the manufacturing of metal nameplates. The site owner
pplied for and received an Act 2 closure from PADEP in May 1996. Data provided in

the closure report indicate that trichloroethene and 1,2-dichloroethene, which may be
i elated to activities at the Roemer facility, were still present in alluvial groundwater at the
acility (EPM, 1996).

5 URBAN RENEWAL AND LAND USE PLAN
tie Westinghouse site is an integral part of an industrial re-development and expansion
rogram for the city of Sharon and surrounding communities. These efforts are being

i ndertaken by the Shenango Valley Industrial Development Corporation, Penn Northwest
evelopment Corporation, and the city of Sharon. Since the facility's closure in 1984,
Westinghouse has cooperated with state and local public and private interests to identify
ternative beneficial uses of the buildings and property. Several buildings formerly
wned by Westinghouse are now used by other companies to manufacture and store
aventory, including: AK Steel, which owns and occupies the former Westinghouse
uildings north of Clark Street along Sharpsville Avenue (the North Sector); Winner
teel Services, Inc., which owns and occupies the former Westinghouse building south of
ic Middle Sector Buildings on Sharpsville Avenue (the South Sector); and the Shenango
'alley Industrial Development Corporation, which owns and occupies the building
outhwest of the Middle Sector Buildings and west of the Moat (the former Y-Building).
Vinner Development Corporation also recently purchased the Middle Sector Buildings,
hich will be redeveloped for industrial uses.

.6 SUMMARY OF REMEDIAL INVESTIGATION
he RI Report provides an overview of the, site history and previous investigations at the
ormer Sharon Transformer Plant Site, details the procedures used in conducting the
smedial investigations, presents findings on the physical and chemical characteristics of
ic site, and provides an overview of the fate and transport processes and the delineation
f media of interest for risk assessment. Based on the studies conducted during the RI,
ic following findings have been established:
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• The area east of the site is primarily urban residential, while the area to
the west, between the site and the Shenango River, varies from
commercial, institutional, recreational and light to heavy industrial.

• Numerous studies, inspections, sampling programs and remediation
projects have been completed at and in the vicinity of the former
Sharon Transformer Plant Facility.

• The stratigraphic units associated with the former Sharon Transformer
Plant Facility consist of varying thicknesses of artificial fill, alluvium,
and glacial till overlying bedrock formations corresponding to the
Orangeville Shale Formation.

• Groundwater in the alluvium at the site occurs under unconfined
conditions. The groundwater flow direction in the alluvium, as
determined by groundwater level measurements, is generally in the
west-southwesterly direction toward the Shenango River.

• Groundwater in site bedrock occurs under confined conditions. The
groundwater flow direction in the bedrock, as determined by
groundwater level measurements, is generally in the west-southwesterly
direction towards the Shenango River.

• A layer of glacial till is present which ranges from 8 to 80 feet thick
across the site. The glacial till acts as an aquitard between the
overlying unconfined alluvial aquifer and the underlying confined
bedrock aquifer. The glacial till has apparently limited vertical
migration of constituents of interest (COT) at the site.

• Comparison of alluvium groundwater levels and bedrock groundwater
levels for the shallow and deep nested groundwater wells indicates that
a downward vertical hydraulic gradient exists between the alluvium
and bedrock over the majority of the site. The exception is at the
southern limit of the site, where the vertical hydraulic gradient is
reversed, with flow potential from the bedrock to the alluvium.
Glacial till deposits were encountered between the alluvium and
bedrock at each location investigated during the RI.

• LNAPL (mineral oil with PCBs) was identified at three locations
(South and Middle Sectors). A LNAPL recovery pilot study was
performed as an initial Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) removal at the on-site
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location near the former tank farm area west of the Middle Sector
buildings. Based on the results of the pilot study, a LNAPL recovery
system has been installed to control potential LNAPL migration in the
former tank farm area.

• An area of DNAPL (a mixture of trichlorobenzene and PCBs) has been
identified at the bottom of the alluvial aquifer near the western portion
of the Middle Sector near the tank farm area. The vertical and
horizontal extent of the DNAPL have been defined. DNAPLs are
pooled in a depression in the top of the glacial till approximately
35 feet below ground surface.

• Groundwater in the alluvium is impacted by COI (primarily PCBs,
chlorinated benzenes, trichloroethene [TCE] and 1,2-dichloroethene
[DCE]) both on and off site. Two off-site soil and groundwater
remediation programs are currently or were previously conducted
adjacent to the site by Roemer Industries and AK Steel.

• Based on the available data at the time of the RI, groundwater in
bedrock does not appear to be significantly impacted by the COI of this
site. The reported detection of PCBs in one bedrock well (7
micrograms per liter [u.g/1]) should be evaluated. (See Section 1.9.2
for more recent data.)

• A residential/industrial well survey was performed in the vicinity of
the former Sharon Transformer Plant Facility in 1994. At the time of
the survey, no residential or industrial groundwater supply wells were
identified within the area surveyed (generally between the site and the
Shenango River).

• An ecological assessment of the major vegetative communities was
performed in the area surrounding the former Sharon Transformer
Plant Facility. None of the plant communities present in the study area
were determined to be regionally significant nor do they provide
exceptional wildlife habitat value.

• Fish samples collected by PADER have historically indicated the
presence of PCBs in fish tissue in the Shenango River adjacent to,
upstream of, and downstream of the site.
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• Most of the site is paved, and therefore limited surficial soils exist.
Surface soils sampled in the North Sector as part of the SRW
investigation in 1985 have since been paved with asphalt.

• In the Moat area, PCBs were detected in seven surface soil samples
and in 54 of 89 subsurface soil samples. Access to the Moat area is
currently restricted by a fence, as required by the RI/FS consent order.

• On-site subsurface soils were found to contain levels of COI that warranted
evaluation in the risk assessment to assess controls for future site development.
Subsurface soils will be a consideration in future uses of the site.

• Surficial soils on Conrail property immediately west of the North and
Middle Sectors contain COIs at levels that warranted evaluation during
the risk assessment. The means by which these soils became impacted
are not currently known. Access to this area is currently not restricted.

• Subsurface soils on the Conrail property and the ARMCO property
west of the site are impacted by DNAPL that underlie the western
portion of the Middle Sector of this site at a depth of approximately
35 feet. There is no current direct contact exposure potential.

• Sediments below the Clark Street Sewer outfall into the Shenango
River and specific areas downstream therefrom, contain site-specific
COI above the levels of the upstream sample. PADER split sediment
samples also indicated the presence of several polycyclic aromatic
hydrocarbons (PAHs) and metals; however, many of these compounds
may be associated with anthropogenic background conditions or off-
site sources.

• In final summary, the following media of interest were identified for
quantitative evaluation in the baseline risk assessment:
- On-site surface and subsurface soils,
- Off-site surface and subsurface soils,

Groundwater,
- Shenango River sediments and biota, and
- Subsurface soil and groundwater beneath the buildings on site.

An FS Report addressing surface and subsurface soils has previously been prepared and
submitted. This FS Report addresses potential remedial alternatives for groundwater
(including NAPLs) and Shenango River sediments.
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.7 SUMMARY OF HUMAN HEALTH RISK ASSESSMENT
The following summary is taken from Section 6.0 Summary and Conclusions of the
April 7,1998 HHRA prepared by ChemRisk®. The HHRA evaluated hypothetical upper-
bound carcinogenic and non-carcinogenic risks to various potential receptors of
constituents of potential concern in impacted media at the Westinghouse site. This
summary includes only these issues related to site media being addressed by this FS
Report.

Because this assessment has relied upon conservative, and in some cases hypothetical,
assumptions and input parameter values throughout, it is believed that the risk estimates
presented herein conservatively estimate the reasonable maximum exposures. Thus, the
numeric values summarized in Table 5-1 of the HHRA should be considered conservative
u pper bound estimates of risk.

For carcinogenic risk estimates, the calculated risks to hypothetical receptors, including
future adult and child residents as well as industrial workers, from exposure to all three
jroundwater media evaluated (South Sector alluvium, Middle Sector alluvium, and
t edrock) exceeded the National Contingency Plan (NCP) target range. Calculated
carcinogenic risks are primarily driven by arsenic, vinyl chloride, dioxin, and PCBs in the
south sector alluvium, PCBs, TCE, arsenic, and dioxin in the middle sector alluvium, and
srsenic, dioxin, and PCBs in the bedrock. It should be noted that the exposure scenarios
evaluated in the HHRA for groundwater do not represent current baseline conditions, as
site groundwater is not being used for any purpose. Likewise, the consumption or other
direct exposure to site groundwater on a prolonged basis in the future is considered to be
extremely unlikely.

The carcinogenic risks to child receptors wading in sediments in the Shenango River were
calculated to be within the NCP target range. Risks posed by human consumption of fish
impacted by PCBs in sediment could not be quantitatively evaluated as part of the
HHRA. A fish consumption advisory is in effect for carp and muskie in the Shenango
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River. An additional potential concern is for swimmers at the immediate vicinity of the
Clark Street outfall. AK Steel currently maintains absorbent tubes at this outfall to
collect floating oil which may be discharged, so swimming at this location is unlikely.

Similarly, excess non-carcinogenic risks emerged for hypothetical future adult and child
residents as well as industrial workers from exposure to each of the three groundwater
media evaluated. Calculated non-carcinogenic risks are primarily driven by arsenic, iron,
PCBs, 1,2-dichloroethene, and manganese in the south sector alluvium, PCBs,
1,2,4-trichlorobenzene, manganese, iron, and trichloroethene in the middle sector
alluvium, and PCBs and iron in the bedrock.

As noted in Section 1.3.3, groundwater at the site generally flows in a west-southwest
direction toward the Shenango River. A public drinking water intake is located on the
Shenango River about 1,600 feet downstream of Clark Street, thus providing an
additional potential pathway for exposure to impacted groundwater. Based on available
results of sampling surface water in the Shenango River and groundwater between the site
and the river, it appears that impacted groundwater from the site is not impacting surface
water.

Table 1-1 lists each of the hypothetical exposure scenarios for which the calculated
carcinogenic or non-carcinogenic risk exceeds the range of acceptable risks. This table
also lists the individual compounds which significantly contribute to the excess risk for
each scenario.

1.8 SUMMARY OF SCREENING-LEVEL ECOLOGICAL RISK ASSESSMENT
The following summary is taken from Section 4.0 Summary and Recommendations of the
June 6, 1997 screening-level Ecological Risk Assessment (ERA) prepared by
ChemRisk®.

The screening-level ERA report provides a preliminary assessment of the nature, extent,
and lexicological significance of chemicals in sediments, surface waters, and biota near
the Westinghouse-Sharon Study Area. While the vast majority of chemicals in
environmental media do not pose risks, a limited number of chemicals (e.g., PCBs in fish
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2nd PCBs and zinc in sediments) are believed by USEPA to pose potential risks of
> arious levels to benthic invertebrates, fish, minks, and belted kingfishers. The majority
c f the possible risks associated with sediment exposures are driven by concentrations
r leasured at Station SD-15A, located immediately downstream of the Clark Street Sewer
c utfall. Concentrations measured elsewhere in the Study Area result in risk estimates that
a re orders of magnitude lower.

J loderately high ecological risks, as defined by USEPA (1994), are also predicted for
aluminum, barium, and manganese in surface water. Although concentrations of these
compounds exceed available screening-level ecotoxicity values, it is important to note
t: mt they are all common, naturally occurring compounds. Therefore, it is possible that
t lese concentrations reflect natural background levels. In addition, the potential
contribution of these and other chemicals from sources other than Westinghouse was not
considered in this evaluation.

Potential to moderately high risks (as defined by USEPA, 1994) to fish, minks, and belted
kingfishers were associated with whole body PCB concentrations measured in one
redbreast sunfish sample collected in 1979.

Terrestrial habitats within the Study Area are primarily limited to a narrow riparian zone
located along the Shenango River. Floodplain soil was not characterized as a chemical
migration pathway in the approved RI/FS work plan; therefore, soil samples from this
area were not collected. In the absence of floodplain soil data, risks to species exposed
tlirough this media (e.g., shrews) were not evaluated.

I ased on the results of this screening-level assessment, it appears that potential risks to
benthic invertebrates, fish, minks, and belted kingfishers exist as the result of the
presence of a limited number of chemicals in sediments, surface water, and fish. Risks
are predominantly driven by zinc and total PCBs in sediments measured at Station SD-
15A. Risks associated with all other sediment sampling stations are significantly lower,
although ecological effects quotients (EEQs) associated with certain chemicals exceed
one at several of the locations, indicating the potential for risks to ecological receptors.
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1.9 SUMMARY OF SUPPLEMENTAL FS SAMPLING ACTIVITIES
Based on a review of the available data in 1998, CBS determined, with the concurrence of
PADEP and USEPA, that additional data was needed with respect to the current conditions of
groundwater and Shenango River sediment/floodplain soil. CBS subsequently performed
various supplemental data collection activities in accordance with the Feasibility Study
Supplemental Sampling and Analysis Plan for Groundwater, Sediment, and NAPLs
(Cummings/Riter, 1998). The purpose of the supplemental sampling activities was to obtain
additional data on sediment and groundwater that would enable completion of a feasibility
study of remedial alternatives for this medium. In addition, the performance of bench-scale
testing of selected NAPL treatment processes was also to be performed. The findings of
these supplemental activities are summarized in the following subsections.

1.9.1 Shenango River Sediment
Additional sampling of sediments in the Shenango River was performed by
Cummings/Riter and McLaren/Hart from October 27 to November 3, 1998. This
additional sampling focused on specific segments of the river where sampling conducted
during the RI indicated the presence of site-related constituents [primarily PCBs above
1.0 milligrams per kilogram (mg/kg)]. The Data Summary Report for Supplemental
Sediment Sampling (Cummings/Riter, 1999a) contains a detailed description of the
sampling locations, methods, parameters, and results for this sampling event.

Additional sampling of sediments immediately upstream of the dam at the water company
was performed on April 18 and 19, 2000. This sampling effort was focused on
characterizing the volume and quality of sediment present behind the dam. The Data
Summary Report for Area 14 Supplemental Sediment Sampling (Cummings/Riter, 2000)
details the locations, methods, and results for this event.

Analytical results for sediment samples collected during the RI are provided in Table 1-2,
and results for samples collected during the two supplemental sampling events are
provided in Tables 1-3 and 1-4. Sample locations are shown on Figures 1-5 through 1-
10. Following is a brief summary of the field observations and analytical data.
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• The Shenango'River is a relatively rapid-moving water course through
much of the study area, particularly below the dam at the Shenango
Valley Water Company plant. Because of this, in combination with
the presence of the dam, the presence of fine-grained depositional
material at Areas 12 and 13 is somewhat limited to isolated pockets.
Depositional material is present more frequently at Areas 14 and 15
above the dam, but is still limited to a certain extent by the presence of
the dam at the Shenango Reservoir approximately three miles
upstream of the site.

• Total PCB concentrations in sediment at Areas 12 and 13 showed no
consistent pattern, and were relatively low. Sixteen of the 18 shallow
sediment samples and all of the 18 deep sediment samples from these
two areas had total PCB concentrations of less than 1.0 mg/kg. Nine
riparian samples collected from these areas all had total PCB
concentrations of less than 0.6 mg/kg.

• Area 14, in the vicinity of the Shenango Valley Water Company plant,
had the highest observed total PCB concentration (52.0 mg/kg along
the eastern bank of the river). Nine additional shallow sediment
samples and six deep sediment samples collected from this area had
total PCB concentrations exceeding 1.0 mg/kg. The total PCB
concentrations for three riparian samples collected from this area
ranged from 0.76 to 1.23 mg/kg.

• A portion of Area 15 along the eastern bank of the river immediately
adjacent to the Clark Street outfall had four shallow and two deep
sediment samples with total PCB concentrations exceeding 1.0 mg/kg.
The maximum total PCB concentration among sediment samples
collected beyond 150 feet downstream of the outfall was 0.24 mg/kg.
The total PCB concentrations for three riparian samples collected from
the immediate vicinity of the sediment sample with the highest PCB
concentration ranged from 9.9 to 39.9 mg/kg.

• Total PCB concentrations for upstream background sediment and
riparian samples (Area 17) ranged from not detected to 0.62 mg/kg.

• The locations of sediment samples with relatively high concentrations
of metals relative to ecological screening criteria (primarily zinc) were
coincident with the locations of samples which exhibited elevated total
PCB concentrations, with the exception of one deep sample in Area 12
and one shallow sample in Area 15.
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• Additional sediment sampling was performed in April 2000
immediately upstream of the dam at the water company. Based on the
findings of this sampling event, there does not appear to be significant
volumes of fine-grained sediment adjacent to the dam. Three sediment
samples collected from within 60 feet of the dam each contained less
than 0.4 mg/kg total PCBs.

1.9.2 Groundwater
Additional sampling of groundwater was performed by Cummings/Riter from July 12 to
16, 1999. The intent of this additional sampling effort was to obtain current conditions of
groundwater, particularly in areas away from the main source of groundwater impacts
identified in the RI. In addition, the sampling event was used to evaluate the potential for
the occurrence of natural attenuation. The Data Summary Report for Supplemental
Groundwater Sampling (Cummings/Riter, 1999b) contains a detailed description of the
sampling locations, methods, parameters, and results for this sampling event. Analytical
results for groundwater samples collected during the RI and supplemental sampling
activities are provided in Tables 1-5 through 1-10. Sample locations and concentrations
for selected parameters are shown on Figures 1-11 through 1-14. Following is a brief
summary of the field observations and analytical data:

• There appear to be three distinct plumes with significant
concentrations of organic compounds present in alluvial groundwater.
These plumes are described in Section 1.10.2.

• With respect to alluvium groundwater volatile organic compound
(VOC) data obtained in 1992 during the RI, the supplemental sampling
results for trichloroethene in the OS-1 and OS-2 series wells are
70 to 90 percent lower, while the vinyl chloride concentrations
increased by 20 to 115 percent and chlorobenzene concentrations are 3
to 22 times higher. Otherwise, the supplemental VOC data are
generally consistent with the RI data.

• The supplemental results for semivolatile organic compounds
(SVOCs) in the alluvium groundwater were generally consistent with
results obtained in 1992 during the RI.
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• PCBs were detected in groundwater samples collected from three
alluvial monitoring wells in the vicinity of known or suspected source
areas. PCBs were not detected in samples collected from the
remaining on-site nor in any of the off-site alluvial monitoring wells
sampled during the supplemental sampling event. These results are
consistent with (in the case of the off-site wells) or up to three orders
of magnitude lower (for the on-site wells) than PCB results obtained in
1992 during the RI.

• Concentrations of dissolved inorganics in the alluvial monitoring wells
were generally consistent with previous sampling data.

• No site-related VOCs were detected in any of the 11 site bedrock
monitoring wells, with the exception of chlorobenzene in Well M-1 IB.
This is consistent with sampling results obtained in 1992 during the RI.

• Site-related SVOCs and PCBs were detected in bedrock Well M-l IB
during the supplemental sampling event. However, enhanced purging
of the wells followed by subsequent sampling and analysis (conducted
approximately three months later) reduced these reported SVOCs and
PCBs two orders of magnitude. Well M-l IB is located within the area
where DNAPLs are known to exist. Our interpretation of these results
is that the laboratory analysis of samples from these wells do not
represent conditions in the aquifer beyond the immediate proximity of
the well boring. These results most likely indicate migration within
the well boring itself (the well was installed in 1986). CBS submitted
a plan to the agencies on February 3,2000 to abandon Well M-l IB
and replace it with two new downgradient bedrock wells located
outside of the known DNAPL area. This plan was approved by
PADEP on February 11,2000, and will be implemented in the spring
of 2000.

• PCBs were detected in one other bedrock monitoring well (S-1B)
during the supplemental sampling event. However, subsequent
sampling in October 1999 indicated Well S-1B did not have PCBs
above the method detection limit.

• Dissolved inorganic compounds in bedrock groundwater were
generally consistent with previous sampling data conducted in 1992
during the RI.

1-25 r - t f125 ftR3025t6



• Based on the results of an initial natural attenuation screening process
(USEPA, 1998), there is evidence that natural attenuation is potentially
occurring at the site. By comparing the 1992 and 1999 analytical
results, several wells are believed to demonstrate that biodegradation
processes are at work at the site:
- Monitoring Wells OS-1A, OS-2A, and OS-2B show a reduction in

both trichloroethene and 1,2-dichloroethene concentrations while
the vinyl chloride concentrations increase (with the exception of
1,2-dichloroethene in Well OS-1A).

- Monitoring Well M-2 shows an increase in concentration in
dichlorobenzene, chlorobenzene, and benzene, possibly indicating
degradation of the trichlorobenzene found in that portion of the
site.

1.9.3 NAPL Treatability Studies
As a third part of the supplemental FS activities, CBS and Cummings/Riter reviewed
various sources of available information on potential remedial technologies for NAPLs
containing PCBs and chlorinated benzenes. Because physical removal methods had been
evaluated as part of the ongoing LNAPL removal action, it was decided the supplemental
activities would focus on potential in-situ remediation methods. In particular, three
treatment methods were identified as being potentially applicable to the site: in-situ
oxidation using Fenton's reagent, in-situ biological degradation, and the use of electrical
heating or cosolvent flooding to increase NAPL solubility (thereby improving the
efficiency of physical removal methods). These methods were subjected to bench-scale
treatability testing to determine if the methods were capable of remediating the specific
contaminants and concentrations found in site media. The final bench-scale test reports
were submitted to the agencies on November 11, 1999, and the findings of each are
summarized herein.

//i-$i'to Oxidation: Geo-Cleanse International, Inc. was provided with two samples of
DNAPL-saturated subsurface soils in order to conduct lab testing of their Geo-Cleanse®
Treatment process, in which organic contaminants are chemically oxidized using a
mixture of hydrogen peroxide and ferrous iron (Fenton's reagent). The results of the
testing indicated that the Geo-Cleanse® process can effectively oxidize chlorinated
benzenes, but the oxidation of PCBs was dependent on the soil grain size, with more
efficient oxidation occurring in coarser-grained soils. No hazardous intermediate or final
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oxidation byproducts were observed to have been formed during the testing. These
findings are generally consistent with published findings from other studies of Fenton's
sagent oxidation of these compounds (Geo-Cleanse, 1999). This process would be

i nplemented in the field by injecting the hydrogen peroxide/ferrous iron solution directly
to the NAPLs and associated groundwater.

In-situ Bioremediation: Environmental Remediation Consultants, Inc. was provided
with approximately two gallons of DNAPL- and LNAPL-impacted groundwater in order
to assess the degradative capabilities of their Bio-Integration™ process. After initial
fficulties, the test media was eventually homogenized and diluted such that testing

using biotic and abiotic co-treatments could proceed. Test results indicated that
tiichlorobenzene concentrations in the homogenized mixtures were reduced by 66 percent
ithin seven days, and PCB concentrations were reduced by up to 89 percent within 14

days. No hazardous intermediate or final degradation products were observed to have
een formed during the testing (ERC, 1999). The desirability and practicality of creating

tlie homogenous mixture of NAPL and groundwater required by a full-scale
nplementation of this process within the confines of the alluvial aquifer at the site is

uncertain.

olubility Testing and Soil Washing: Applied Hydrology Associates, Inc. was provided
ith approximately four gallons each of DNAPL and LNAPL in order to evaluate NAPL

solubility in various solvents and viscosity at various temperatures. Based on the
preliminary findings, additional testing was performed on DNAPL- and LNAPL-
impacted soils to evaluate the effects of washing the soil with a solvent (isopropanol) to
remove NAPL constituents. The findings of the testing indicate that NAPL viscosity can
be substantially reduced through electrical resistivity heating or by injecting isopropanol,
tiiereby improving the efficiency of extraction methods such as pumping. Chemical
analysis of impacted soil washed with isopropanol indicated that 51 to 88 percent of the
contaminant mass was transferred from the soil to the solvent during washing tests
AHA, 1999). In a field implementation, this solvent/NAPL/water mixture would be
pumped to the surface for subsequent treatment, potentially including phase separation
nd solvent recycling.
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1.10 MEDIA OF INTEREST
This FS Report will develop and evaluate a range of remedial options to address potential
concerns related to site media identified in the site-specific risk assessments. The risk
assessments identified several media and site areas which may pose increased potential
risk to future workers, hypothetical residents and trespassers, and environmental
receptors. A summary of the site media of interest and constituents of potential concern
(COPC) to be addressed in this FS, based on the risk assessments, is provided below. A
discussion of the fate and transport of COPCs found in site media is included in Section
5.Oof the RI.

1.10.1 Shenango River Sediment
Based on the findings of the screening level ERA and the supplemental sediment
sampling performed in 1998, sediments in portions of the Shenango River pose potential
to extreme risk to ecological receptors, as defined in the screening level ERA. Risks to
human receptors calculated in the HHRA were within the NCP target range. The highest
ecological risks are generally associated with concentrations of zinc and PCBs between
the Clark Street bridge and the dam at the Shenango Valley Water Authority. It is noted
that elevated concentrations of zinc are generally coincident with elevated concentrations
of PCBs in the sediment.

Riparian floodplain soils were not explicitly evaluated in either of the risk assessments,
however samples collected during the supplemental sediment sampling program indicate
the presence of PCBs in some locations at concentrations which may be of concern to
ecological and/or human receptors.

Additionally, sediments contained within storm sewers leading from the site to the river
were not explicitly evaluated in either of the risk assessments, as there is no direct human
or ecological exposure to these sediments. However, these sediments, where present,
could be washed into the river during high flow events. Sediment samples collected from
some of these storm sewers during Phase IB of the RI were found to contain
concentrations of PCBs and lead which may be of concern to ecological and/or human
receptors if washed to the river.
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An additional concern related to this medium is the bioaccumulation of PCBs in fish and
subsequent consumption by humans. The Pennsylvania Fish and Boat Commission has
sued a consumption advisory for carp and muskie in the Shenango River. This potential

pathway could not be quantitatively evaluated as part of the HHRA.

Remedial alternatives for riparian soils and storm sewer sediments will be evaluated in
this FS concurrently with river sediments.

.10.2 Alluvial Groundwater
dluvial groundwater is of potential concern for hypothetical exposures of future

residents and industrial workers located on or immediately downgradient of the site. The
] lathways of concern include ingestion and inhalation/dermal contact while showering.
] lased on the findings of the RI and supplemental groundwater sampling, three distinct
] lumes of COPCs have been identified in alluvial groundwater. A chlorinated solvent
plume has been identified in off-site groundwater immediately west of the South Sector.
second chlorinated solvent plume has been identified at the northwest portion of the

fiddle Sector. The source areas for both of these plumes are unknown, and may include
ff-site sources. A third plume of PCBs and chlorinated benzenes has been identified in

the western portion of the Middle Sector extending to the northwest portion of the South
ector and the southeastern portion of the AK Steel property. The probable source area
or this plume is the former tank farm west of the Middle Sector buildings.
oncentrations of inorganic COPCs such as arsenic and manganese show no apparent

pattern. As there were no known uses of many of these compounds at the facility, these
6ncentrations may be representative of background or regional aquifer conditions rather
lan of a release from the site. Naturally occurring inorganics can also be mobilized by
he presence of solvents in groundwater.

t should be noted that the HHRA evaluated two alluvial groundwater media. The South
ector alluvial groundwater exposure scenario in the HHRA included the off-site
hlorinated solvent plume west of the South Sector and the southernmost portion of the
CB/chlorinated benzene plume. The Middle Sector alluvial groundwater exposure
cenario in the HHRA included the chlorinated solvent plume in the Middle Sector and
he remainder of the PCB/chlorinated benzene plume.
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1.10.3 Bedrock Groundwater
Bedrock groundwater is of potential concern for hypothetical exposures of future
residents and industrial workers located on or immediately downgradient of the site. The
pathways of concern include ingestion and dermal contact while showering. These risks
are driven primarily by arsenic, PCBs, and iron. Detections of PCBs in bedrock wells
have been sporadic, with the highest concentrations being detected in a bedrock well
(M-1 IB) located within an area where NAPLs are present. Concentrations of inorganic
COPCs show no apparent pattern, as, for example, the highest arsenic concentration has
been found in a bedrock well (M-9) located along the upgradient edge of the site. As
there were no known uses of many of these inorganic compounds, such as arsenic and
manganese, at the facility, these concentrations may be representative of background or
regional aquifer conditions rather than of a release from the site.
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2.0 REMEDIAL ACTION OBJECTIVES

this section, remedial technology screening criteria are discussed, based on the media
of interest identified in Section 1.10. Public health and environmental criteria are
identified through the listing of potential applicable or relevant and appropriate
quirements (ARARs) for the media and COPCs of interest. Then remedial action goals

are identified for the environmental media of interest.

2,1 ARARs AND TBCs
he primary requirement to be considered in the development of remedial action

alternatives for hazardous waste sites under the CERCLA, or "Superfund," is the
protection of public health, welfare and the environment. CERCLA, as amended by the
uperfund Amendments and Reauthorization Act (SARA), also requires that primary

consideration be given to remedial alternatives that attain or exceed ARARs. The
purpose of this requirement is to make CERCLA response actions consistent with other
pertinent federal and state environmental requirements. The USEPA has stated that
pecific ARARs must be identified for each CERCLA site.

ARARs may include any standard, requirement, criterion, or limitation under federal
environmental law. In addition, they may include any promulgated state environmental or
facility-siting law, standard, criterion, or limitation that is more stringent than the
ssociated federal requirement, provided that the standard is consistently enforced by the
gency responsible for enforcement. An ARAR may be either "applicable" or "relevant
and appropriate," but not both.

Applicable requirements are determined on an objective basis: if there is a one-to-one
orrespondence between the requirement and conditions at the site, then the requirement

i s applicable. If a given requirement is not applicable, best professional judgment must
t»e exercised to evaluate whether the requirement addresses problems or situations that are
enerally pertinent (or relevant) to the site conditions, and whether it is well-suited (or
appropriate) to the particular site problem.
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Relevant and appropriate requirements are those cleanup standards, control standards, and
other environmental protective requirements, criteria, or limitations promulgated under
federal or state law that, while not directly applicable to a hazardous substance, pollutant,
contaminant, remedial action, location, or other circumstance at a CERCLA site, address
problems or situations sufficiently similar to those encountered at the CERCLA site that
their use is appropriate at the site. The determination of site-specific relevant and
appropriate requirements requires professional judgment.

Additional information which is to be considered in development of remedial action
objectives is grouped under the heading of "To Be Considered" (TBC) material. TBCs
are advisories or guidance issued by federal or state government (e.g., reference doses)
that are not legally binding and do not have the status of potential ARARs, but may be
considered during evaluation of potential remedial alternatives.

Section 121 (d)(4) of SARA allows the selection of a remedial alternative that will not
attain ARARs if any of six conditions for a waiver exist. The six conditions are:

• The remedial action is an interim measure whereby the final remedy
will attain the ARAR upon completion;

• Compliance will result in greater risk to human health and the
environment than other options;

• Compliance is technically impracticable;

• An alternative remedial action will attain the equivalent of the ARAR;

• For state requirements, the state has not consistently applied the
requirement; or

• For Superfund-lead sites, compliance with the ARAR will not provide
a balance between protecting human health and the environment at the
site with the availability of Superfund money for response at other
sites.
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ARARs fall into three broad categories, based on the manner in which they are applied at
ite. These categories are as follows:

• Chemical-Specific ARARs govern the acceptable levels of site
constituents in environmental media. Such ARARs may be actual
concentration-based levels or they may provide the basis for
calculating such levels. Examples of chemical-specific ARARs
include the Safe Drinking Water Act (SOWA), Maximum
Contaminant Levels (MCLs), and the Clean Air Act (CAA).

• Location-Specific ARARs are considered in view of natural or man-
made features. Examples of natural site features which may trigger
location-specific ARARs include wetlands, scenic rivers, and flood
plains. Man-made features include, for example, the presence of
historic districts. ARARs based on aquifer designations are also
location-specific ARARs.

• Action-Specific ARARs pertain to the implementation of a given
remedy. Engineering requirements (as in RCRA standards for
hazardous waste landfills) are an example of an action-specific ARAR.

general, chemical-specific ARARs and TBCs are addressed during the assessment of
ri sks to human health and the environment. The action-specific and location-specific
RARs, which affect the implementation and/or operation of the remedial alternatives,
re primarily used to assess the feasibility of remedial technologies and alternatives.

2.1.1 Chemical-Specific ARARs and TBCs
his section presents a summary of potential federal and state chemical-specific ARARs
id TBCs which provide some guidance on acceptable or permissible concentrations of

CDnstituents in soil, water, or air.

he Toxic Substances Control Act (TSCA) PCB regulations (40 CFR 761) specify
•eatment, storage, and disposal requirements for PCBs based on their form and

cDncentration. TSCA requires that non-liquids containing PCBs at concentrations of 50
parts per million (ppm) or greater be disposed of in a chemical waste landfill, an
incinerator or by an alternate method that achieves a level of performance equivalent to
incineration. Liquids at concentrations between 50 and 500 ppm, and soils at
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concentrations above 50 ppm may also be disposed of in a chemical waste landfill.
TSCA requirements do not apply to PCBs at concentrations of less than 50 parts per
million; however, PCBs cannot be diluted to escape TSCA requirements. Table 2-1
summarizes disposal options for various PCB materials as set forth by TSCA.

USEPA's "Guidance for Remedial Action for Superfund Sites with PCB Contamination"
is a TBC guidance document which describes the recommended approach for evaluating
and remediating PCB-impacted sites. This guidance provides preliminary remediation
goals, including suggested cleanup concentrations, for various media, including sediment,
and identifies other considerations important to ensuring human health and the
environment.

Primary MCLs for drinking water (40 CFR 141) were promulgated as a result of SDWA
requirements. MCLs are enforceable standards for contaminants in public water supply
systems. They consider not only health factors, but also the economic and technical
feasibility of removing a contaminant from a water supply system. USEPA has also
promulgated Maximum Contaminant Level Goals (MCLGs) for specific substances
regulated under the SDWA in drinking water. MCLGs are non-enforceable guidelines
that do not consider the technical feasibility of contaminant removal. Groundwater and
surface water at a CERCLA site should attain non-zero MCLGs when they are relevant
and appropriate. This provision is set forth under CERCLA Section 121(d)(2)(A) and at
40 CFR 300.430(e)(2)(i)(B). When MCLGs are not relevant and appropriate, or are zero,
the groundwater or surface water should attain only the corresponding MCLs, provided
that the MCLs are relevant and appropriate. Secondary MCLs (40 CFR 143) are non-
enforceable guidelines for contaminants that may effect the aesthetic quality of drinking
water, such as taste, odor, and appearance, and may deter public acceptance of drinking
water provided by public water systems.

Primary MCLs and non-zero MCLGs may be considered relevant and appropriate for
remedial actions involving groundwater at the Sharon Plant, because the affected
groundwater at and near the site could potentially be used for drinking water and other
uses, although a well survey conducted in 1994 as part of the RI indicated that there are
currently no known users of groundwater in the vicinity of the site.
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USEPA health advisories are TBCs developed by the USEPA Office of Drinking Water
for chemicals that may be1 intermittently encountered in public water supply systems.
Health advisories are available for short-term, long-term, and lifetime exposures for a 10
kilogram (kg) child and/or a 70 kg adult. Health advisories may be pertinent for remedial
ctions involving groundwater, especially for contaminants that are not regulated under

t tie SDWA.

USEPA Ambient Water Quality Criteria (AWQC) are non-enforceable guidelines that
ere developed for contaminants in surface waters pursuant to Section 304(a)(l) of the

Clean Water Act (CWA). Although AWQC are not directly applicable to activities at the
ite, they have been used by PADEP to develop enforceable water quality standards, and
might be considered relevant and appropriate.

he Pennsylvania SDWA of May 1,1984 (P.C. 206,35 PS § 721.1 et. seq.) implements a
program which includes, but is not limited to, MCLs or treatment technique requirements
establishing drinking water quality standards, monitoring, reporting, record keeping, and
analytical requirements, requirements for public notification, standards for construction,

V j c peration, and modifications to public water systems, emergency procedures, standards
] or laboratory certification, and compliance and enforcement procedures.

Pennsylvania Water Quality Standards (PA Code, Title 25, Chapter 93) established water
c uality criteria for toxic substances for waters of the Commonwealth. The standards are
based on water uses that are to be protected and are considered by PADEP in its
regulation of discharges to surface water. The standards may be applicable for
§;roundwater or sediment remedial actions involving discharges to surface water.

he CAA of 1977, as amended in 1990, considers potential air pollution from sources of
sir emissions such as remedial actions. National Ambient Air Quality Standards
NAAQS) were promulgated as a result of the CAA requirements (40 CFR 50). NAAQS
may be applicable standards and are available for six criteria pollutants, including
drborne particulates. The sources of contaminants and the routes of exposure were
onsidered in the formulation of the standards. These standards do not consider the costs
f achievement or the feasibility of implementation. The NAAQS allow for a margin of
afety to account for unidentified hazards and effects.
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Section 112 of the CAA (40 CFR 61) sets forth National Emission Standards for
Hazardous Air Pollutants (NESHAP). Significant sources of air pollution listed as
hazardous, including asbestos, arsenic, mercury, beryllium, vinyl chloride, and benzene,
may be subject to NESHAP. Federal agencies are required to comply with federal and
state requirements for control and abatement of air pollution, especially state
implementation plans.

New Source Performance Standards (NSPS) are standards for new stationary emissions
sources promulgated such that these sources are designed, built, equipped, operated, and
maintained based on the best demonstrated technology to minimize emissions (40 CFR
60). Since NSPS are action-specific requirements for operating plants, they may not be
applicable to Superfund remedial actions, but may be relevant and appropriate if the
pollutant emitted and technology employed during remediation are sufficiently similar to
those regulated by NSPS.

Pennsylvania Air Pollution Control Regulations (PA Code, Title 25, Chapters 121
through 143) govern air emissions from remedial actions. The regulations provide for the
prevention and control of air pollutants and guidance for the design and operation of air
pollution sources. Potential sources of air pollution at the site may include remedial
actions that involve volatilization. Pennsylvania has adopted the federal NAAQS and has
air quality standards for five additional constituents.

Reference Doses (RfDs) are TBCs defined in the USEPA Integrated Risk Information
System as an estimate of a daily exposure to the human population (including sensitive
subgroups) that is likely to not constitute an appreciable risk of deleterious effects during
a lifetime. RfDs have been incorporated into the risk assessment in the calculation of
hazard indices. Cancer Slope Factors (CSFs) are used for estimating the lifetime
probability of human receptors contracting cancer as a result of exposure to particular
compounds. CSFs have been incorporated into the risk assessment in the calculation of
cancer risks associated with compounds at the site.

PADEP's Land Recycling and Environmental Remediation Standards Act of
May 19, 1995 (35 PS §§ 6026.101-6026.909) (Act 2), including regulations promulgated
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under PA Code, Title 25, Chapter 250, establishes uniform cleanup standards based on
health and environmental risks, such that impacted sites may be returned to productive
U e. Act 2 provides specific remediation standards based on background concentrations,
atewide health-based concentrations, and site-specific risk-based concentrations, which

are to be applied whenever site remediation is voluntarily conducted or is required by
her regulations.

USEPA Region 3 Risk-Based Concentration (RBC) Table (October 1999) is aTBC
bich provides health-based concentrations of constituents in water, air, fish tissue, and
il which correspond to a hazard index of 1.0 or a cancer risk of 10"6 using "standard"
xposure scenarios. These concentrations do not consider site-specific parameters or
xposure scenarios, multiple constituents, impacts to ecological receptors, or cross-media
fects. The RBCs were used to initially screen potential COPC in the human health risk
sessment.

1.2 Location-Specific ARARs and TBCs
This section presents a summary of potential federal and state location-specific ARARs
nd TBCs which provide guidance related to specific natural or non-made characteristics
: the site.

he Federal Protection of Wetlands and Management of Flood Plains Executive Orders
C3.O. 11990 and 11988) provide for consideration of wetlands and flood plains during
remedial actions. These Executive Orders are implemented by USEPA's August 6, 1985
policy on flood plains and wetlands assessments for CERCLA actions. The Executive
Orders require federal agencies, in carrying out their responsibilities, to take action to
minimize the destruction, loss, or degradation of wetlands and to preserve and enhance
t ic natural and beneficial values of wetlands. The Executive Orders emphasize the
importance of avoiding new construction in wetlands unless there is no practical
ternative to that construction, minimizing the harm to wetlands if such construction is
jquired, and providing early and adequate opportunities for public review of plans

involving new construction in wetlands. The only wetlands identified at the site are
unmediately adjacent to the Shenango River, and may be impacted by potential sediment
m̂ediation activities.
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Section 311 of the federal CWA, as amended by the Oil Pollution Act of 1990 addresses
oil and hazardous substance liability and establishes national programs of the prevention,
reduction, and elimination of pollution in navigable waters and groundwater.

The Pennsylvania Flood Plain Management Act and Dam Safety and Encroachment Act
(PL 851, No. 155 and PL 1375) regulate construction, earthmoving, filling, and
excavation within the 100-year flood plain and within wetlands as well as regulated
waters of the Commonwealth. All such encroachments and obstructions must comply
with PA Code, Title 25, Chapter 105 requirements.

The Endangered Species Act of 1978 (40 CFR 502) provides for consideration of the
impacts on endangered species and their critical habitats. This act requires federal
agencies to verify that any action authorized, financed, or carried out by the agency is not
likely to jeopardize the continued existence of any endangered or threatened species or
adversely affect its habitat. As part of the screening-level ecological risk assessment, no
endangered or threatened species were identified as being present at the site.

The Fish and Wildlife Coordination Act (16 USC 61), the Fish and Wildlife Improvement
Act of 1978 (16 USC 742a), and the Fish and Wildlife Conservation Act of 1980
(16 USC 2901) provide for consideration of the impacts of remedial actions on wetlands
and protected habitats, requiring that federal agencies consult with the appropriate state
agencies prior to undertaking action for the modification of any body of water.

2.1.3 Action-Specific ARARs and TBCs
This section presents a summary of potential federal and state action-specific ARARs and
TBCs which pertain to the implementation of specific remedies.

Regulations under RCRA Subtitle C (40 CFR 260-266 and 268) regulate the
identification, generation, transportation, treatment, storage, and disposal of hazardous
waste. For the Sharon Plant, several of the compounds found in groundwater and soil
could be characteristic hazardous wastes as defined in 40 CFR 261. Under the
requirements of CERCLA, any environmental medium impacted with a characteristic
hazardous waste must be managed as a hazardous waste until the medium no longer
exhibits the characteristic. Thus, RCRA Subtitle C requirements could be considered
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.RARs for any treatment, storage, or disposal activities performed during remediation.
dditionally, TSCA sets requirements for the storage, handling, transportation, and
isposal of wastes containing PCBs. Significant RCRA Subtitle C requirements that may
ARARs are discussed in the following paragraphs.

RCRA 40 CFR 264 requirements that may be applicable or relevant and appropriate for
remedial alternatives involving construction of on-site treatment, storage, or disposal .
facilities include minimum technology requirements; standards for owners and operators
f permitted hazardous waste facilities; preparedness and prevention measures;

c ontingency plans and emergency procedures; record keeping and reporting; and
groundwater monitoring. In addition, remedial alternatives must meet closure and post-
c losure requirements that would be applicable to on-site remedial actions.

': a CERCLA action constitutes treatment, storage, or disposal of hazardous waste, the
RCRA "Land Disposal Restrictions" (LDRs) (40 CFR 268) may be applicable. LDRs
lestrict certain listed or characteristic hazardous wastes from being placed or disposed of
on the land without treatment. Land disposal includes placement in a landfill, surface
mpoundment, waste pile, injection well, land treatment facility, salt dome or salt bed
ormation, underground mine or cave, or concrete vault or bunker. However, movement
vithin a unit does not constitute disposal or placement. At a CERCLA site, an area of
ontamination (AOC) can be considered comparable to a unit.

The Pennsylvania Solid Waste Management Act of 1980 and the Pennsylvania Solid
Vaste Management Rules and Regulations (PA Code, Title 25, Chapter 75) govern the
;eneration, transportation, storage, treatment, and disposal of solid and hazardous wastes.

'. 'he Pennsylvania hazardous waste regulations are generally equivalent to the federal
RCRA regulations, except that Pennsylvania has not enacted regulations equivalent to the
RCRA LDRs. In addition, the Pennsylvania regulations contain specific minimum
echnology requirements and treatment and disposal facility siting requirements. These
egulations may be applicable to certain remedial alternatives, such as off-site disposal of
mpacted media, and relevant and appropriate for other remedial alternatives, such as
>n-site storage of impacted groundwater.
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Included in RCRA are requirements concerning injection wells that are part of remedial , J
actions under CERCLA. If the selected remedial alternative includes the treatment and
reinjection of groundwater, then the requirements included in RCRA may be applicable.
Regulations concerning underground injection wells have been promulgated under the
SDWA, including 40 CFR 144 through 146.

Regulations concerning monitoring well drilling and abandonment have been promulgated
under the Water Well Drillers License Act (PA Code, Title 25, Chapter 107), and may be
potentially applicable requirements.

Pennsylvania's Act 2 promotes cleanup plans which are based on the actual risk posed by
site constituents to human health and the environment, taking into account the current and
future uses of the site and the degree to which constituents may spread off site, rather than
on cleanup policies which require every site to be returned to "pristine condition." The
cleanup plans should have as a goal remedies which treat, destroy, or remove regulated
substances whenever technically and economically feasible.

Pennsylvania's Hazardous Sites Cleanup Act 108 (35 PS § 6020.101) of 1988 regulates ĵ
the development, administration, and enforcement of programs to provide for the
investigation, assessment, and cleanup of hazardous sites in the Commonwealth. Such
cleanups are required by Act 2 to meet the standards established under Act 2.

Pennsylvania's Hazardous Waste Management Regulations (PA Code, Title 25, Chapters
260 through 270) set forth guidelines for criteria, identification, and listing of hazardous
wastes. Exports of hazardous waste, transporters, and waste management facilities are
defined and discussed at length in these regulations.

U.S. Department of Transportation (DOT) Rules for Hazardous Materials Transport
(49 CFR 107 and 171 through 179) regulate the transportation of hazardous materials,
including packaging, shipping, and placarding. These rules are TBCs for hazardous
material shipped off site for laboratory analysis, treatment, or disposal.

Pennsylvania's Hazardous Substances Transportation Regulations (PA Code, Titles 13
and 15) govern the transport of flammable liquids and solids, oxidizing materials,
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poisons, and corrosive liquids. These regulations are TBCs for impacted media that may
e shipped off site for analysis, treatment, or disposal, or for treatment supplies brought

on site. These regulations are generally equivalent to federal DOT regulations.

ic CWA, as amended, governs point-source discharges to surface waters through
PDES requirements, including the discharge of dredge or fill material and oil and

hazardous waste spills to U.S. waters. NPDES requirements, including storm water
scharge requirements (40 CFR 122), may be applicable to soil remedial actions which

result in direct discharge of water to surface water. Such remedial measures may include
changes in grading which result in point-source discharges of storm water runoff or
scharge of treated groundwater.

he Pennsylvania NPDES rules (PA Code, Title 25, Chapter 92), which are generally
quivalent to the federal standards, govern point-source discharges to Pennsylvania
aters. These rules may be applicable to soil remedial actions which result in a discharge

to surface water. To the extent that Pennsylvania water quality standards, wastewater
t eatment requirements, industrial waste quality standards, and special water pollution
ontrol regulations pertain to a discharge for which an NPDES permit would be required,
ic provisions of these chapters may govern if their application provides a more stringent
fluent limitation than would be produced by application of federal standards.

he Pennsylvania Waste Water and Industrial Waste Treatment Regulations (PA Code,
itle 25, Chapters 95 and 97) provide requirements and standards for treatment of waste
ater and industrial waste discharges to surface water and groundwater. The regulations
iclude general effluent quality standards based on best practical control technologies,
nd may be applicable to discharges to surface water.

he Pennsylvania Clean Streams Law (PA Code, Title 35, Chapter 5) provides for the
rotection of streams and water quality. The objective of the law is to protect streams and
ther "waters of the Commonwealth," including groundwater.

he Pennsylvania Water Resources Regulations are enacted under the Pennsylvania
!lean Streams Law. Requirements under these regulations include applications and
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permits, standards for approval, and standards for discharges of industrial waste to
publicly owned treatment works (POTW). If the selected remedial alternative includes
discharge to a POTW, then this requirement may be applicable.

The Pennsylvania Storm Water Management Act 167 requires measures to control storm
water runoff during alterations or development of land. Storm water management
systems must be constructed in a manner consistent with the county watershed
management plan. The requirements of this act may be applicable to remedial actions
that include disturbance of the land, such as grading or excavating.

Pennsylvania Erosion Control Regulations (PA Code, Title 25, Chapter 102) govern
erosion and sedimentation control resulting from remedial actions that may involve
earthmoving activities. The purpose of the regulations is to control accelerated erosion
and the resulting sedimentation in surface waters, and thus to prevent pollution of water
from sediment and substances which may be carried by the sediment.

USEPA's Groundwater Protection Strategy, dated July 1991, is a TBC which states the
policy of preventing adverse effects to human health and the environment by protecting
the nation's groundwater resources. Safe drinking water is the primary goal, along with
the protection of interconnected surface water resources and ecosystems. Remediation
strategies are to consider the use, value, and vulnerability of the resource as well as social
and economic values to set realistic priorities based on actual and expected uses.

USEPA's 1992 "Memorandum on Groundwater Remediation at Superfund Sites" is a
TBC which clarifies USEPA's general policy concerning impacted groundwater,
especially with regard to NAPLs. This guidance provides recommendations for
implementing the selected remedy, and for selecting alternative actions should the
selected remedy be unable to achieve cleanup goals.

PADEP's "Groundwater Monitoring Guidance Manual" of February 1996 is a TBC
which provides guidance for the implementation of a comprehensive groundwater
monitoring program which is consistent with established principles and objectives for
protection of Pennsylvania's groundwater resources.
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ISEPA's guidance document "EPA Use of Monitored Natural Attenuation (MNA) at
Superfund, RCRA Corrective Action, and Underground Storage Tank Sites" of April

describes USEPA's policy regarding the use of MNA for the cleanup of soils and
oundwater. This document provides specific guidance on evaluating MNA and the
erequisites for implementing MNA as a component of a site remedy.

LSEPA's "Contaminated Sediment Management Strategy" of April 1998 describes
tions being taken by USEPA to address sediments under existing environmental

regulations. This strategy does not set forth sediment quality criteria that are to be used
mandatory cleanup levels, but rather establishes sediment quality criteria to provide

focus and continuity to remediation efforts. An important tenet of this strategy is that
I SEP A will not proceed with active removal of affected sediments if a combination of
pollution prevention and source controls will allow the sediments to recover naturally in
ai acceptable period of time.

j

REMEDIAL GOALS FOR SITE MEDIA
This section summarizes the remedial action objectives for sediments and groundwater at
the Sharon Plant, formed on the basis of the following:

• Results of sediment and groundwater sampling conducted during the
RI;

• Evaluations of potential human health risks presented in the baseline
human health risk assessment and ecological risks presented in the
screening-level ecological risk assessment;

• An evaluation of potential ARARs; and

• Review of TBC guidance.

Using the results of the baseline human health risk assessment (ChemRisk, 1998), site-
si )ecific health-based cleanup levels were calculated for COPC in each groundwater
medium of interest (health-based cleanup levels were not calculated for sediment, as this
media does not represent an unacceptable risk to human receptors). Cleanup levels were
calculated for each COPC which contributed significantly to a hypothetical exposure
:enario for which the risk assessment indicated an unacceptable carcinogenic risk level
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(greater than 10"4) or hazard index (greater than 1.0). If more than one exposure scenario
for a given medium exhibited unacceptable risk levels, the exposure scenario which
exhibited the greatest risk level was used to calculate cleanup levels.

For medium-specific cleanup levels based on unacceptable carcinogenic risks, the
following equation was used:

EPCxRT

where,

CT = COPC concentration (mg/kg or |ig/l) corresponding to the target
carcinogenic risk level (RT)\

EPC - Exposure point concentration (mg/kg or (ig/1) used to calculate
risk in the baseline risk assessment;

RT - Target carcinogenic risk level, either 10"4, 10"5or 10"6; and

REK = Calculated risk level corresponding to the EPC in the baseline
risk assessment.

For medium-specific cleanup levels based on unacceptable non-carcinogenic risks, the
following equation was used:

CT =

where,

CT = COPC concentration (mg/kg or jig/1) corresponding to the target
non-carcinogenic hazard index (H1T}\

EPC = Exposure point concentration (mg/kg or (ig/1) used to calculate
risk in baseline risk assessment;
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HIT~ Target non-carcinogenic hazard index, which is the inverse of the
number of COPC that significantly contribute to the total hazard
index for the given exposure scenario; and

///EPC = Calculated hazard index corresponding to the EPC in the
baseline risk assessment.

.2.1 Shenango River Sediment
or sediments in the Shenango River, risks were calculated to be within the acceptable
ange in the baseline HHRA for the hypothetical receptor (child wader). Based on the
creening-level ERA, maximum detected sediment concentrations were compared to
JSEPA screening level criteria to evaluate the level of potential risk posed to ecological
eceptors by detected compounds (Tables 2-2 and 2-3). PCBs and zinc were found to
ose an "extreme risk" to ecological receptors, as defined in the screening-level ERA.
AHs and several other metals were found to pose a "potential" to "moderately high
otential" risk to ecological receptors. Based on the findings of the supplemental
ediment sampling, the highest concentrations of COPCs are generally localized in the
icinities of the Shenango Valley Water Company (Area 14) and the Clark Street outfall
Area 15).

Neither riparian floodplain soils nor sediments contained within storm sewers were
xplicitly evaluated in either of the risk assessments. However, storm sewer sediment
amples collected during the RI and riparian soil samples collected during the
upplemental sediment sampling program indicate the presence of PCBs in some
ocations at concentrations which may be of concern to ecological and/or human
eceptors. Likewise, impacts from the consumption of fish could not be evaluated,
owever a fish consumption advisory is in place for the Shenango River.

he remedial action objectives for Shenango River sediments are:

• Reduce exposure of ecological receptors to highly impacted sediments,

• Minimize the potential for impacts to human health related to the
Shenango Valley Water Company surface water intake,
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• Reduce possible exposure of human and ecological receptors due to
consumption of impacted fish, and

• Obtain compliance with relevant ARARs.

2.2.2 Alluvial Groundwater
Alluvial groundwater in the vicinity of the South and Middle Sectors were determined in
the baseline HHRA to present unacceptable carcinogenic and non-carcinogenic risks to
hypothetical receptors, including future residents and workers using the groundwater for
bathing and consumption. The carcinogenic risks (total risk level range from 8xlO"3 to
exceeding 1) were driven primarily by arsenic, PCBs, beryllium, trichloroethene, and
vinyl chloride. The non-carcinogenic risks (total hazard index range from 370 to 5xl06)
were driven primarily by arsenic, PCBs, iron, 1,2-dichloroethene, trichloroethene, and
manganese. Other VOCs, SVOCs, dioxins, and inorganics (including lead) also
contributed to these risks. A comparison of health-based cleanup levels and ARARs with
detected COPC concentrations from the RI and supplemental sampling events for
alluvium groundwater in the South and Middle Sectors are provided in Tables 2-4 and2-5,
respectively.

Accordingly, the remedial action objectives for alluvial groundwater in the South and
Middle Sectors are:

• Abate potential unacceptable future human health effects and/or meet
ARARs,

• Where ARARs cannot realistically be obtained using best available
technology, establish institutional controls to reduce likelihood of
human exposure to impacted groundwater,

• Reduce the potential for further aquifer degradation, and

• Reduce COPC concentrations in groundwater to improve aquifer
quality if practicable.

2.2.3 Bedrock Groundwater
Bedrock groundwater throughout the site was determined in the baseline HHRA to
present unacceptable carcinogenic and non-carcinogenic risks to hypothetical receptors,
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eluding future residents and workers using the groundwater for bathing and
nsumption. The carcinogenic risks (total risk level of up to 6xlO"3) were driven
imarily by arsenic, PCBs, and beryllium. The non-carcinogenic risks (total hazard
dex of up to 350) were driven primarily by PCBs, iron, and arsenic. PAHs and dioxins
so contributed to these risks. A comparison of health-based cleanup levels and ARARs
th detected COPC concentrations from the RI and supplemental sampling events for
is medium is provided in Table 2-6.

Eased on the findings of the supplemental sampling event, additional characterization of
e bedrock aquifer may be appropriate to determine if COPCs are present in the aquifer
concentrations which may pose a risk to hypothetical receptors. Should such additional

c aracterization indicate that these COPCs are present at levels of potential concern, then
the remedial action objectives would be:

• Abate potential future human health effects and/or meet ARARs,

• Where ARARs cannot realistically be obtained using best available
technology, establish institutional controls to reduce likelihood of
human exposure to impacted groundwater,

• Reduce the potential for further aquifer degradation, and

• Reduce COPC concentrations in groundwater to improve aquifer
quality, if practicable.

ecause of the findings of the supplemental sampling event and the plans for additional
characterization of the bedrock aquifer, remedial alternatives for bedrock groundwater
cannot be evaluated as part of this FS. Should future characterization of the bedrock
juifer indicate the potential for unacceptable exposures of hypothetical receptors,
medial alternatives will be assessed in an addendum to this FS.

2.4 Non-Aqueous Phase Liquids
LNAPL, consisting primarily of mineral oil and PCBs, has been observed at three
parate locations in the South and Middle Sectors, and the LNAPL area at the former

Uink farm is the subject of an on-going CERCLA Removal Action. DNAPL, consisting
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primarily of PCBs and chlorinated benzenes, has been observed in a portion of the Middle
Sector. The risks associated with LNAPL and DNAPL were not explicitly evaluated as
part of the baseline human health risk assessment. However, it is likely that the presence
of LNAPL and DNAPL in the subsurface will continue to effect groundwater quality in
these areas.

The remedial action objectives for the NAPLs are as follows:

• Abate potential future human health effects,

• Where potential human health effects cannot be abated using best
available technology, establish institutional controls to reduce
likelihood of human exposure to NAPL,

• Reduce the potential for cross-media effects to groundwater, to the
extent practicable, and

• Obtain compliance with relevant ARARs.
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3.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES

L GENERAL RESPONSE ACTIONS
accordance with USEPA's Guidance for Conducting Remedial Investigations and
easibility Studies Under CERCLA, EPA/540/G-89/004, general response actions were
entitled for each media of concern at the site. These included the following;

No action,
Limited action,
Containment,
Removal and disposal, and
Treatment.

o be more manageable, the evaluation of potential remedy components for the various
te media was broken down by type of media. These media of concern include Shenang'o
iver sediments and related drainage pathway sediments, alluvial groundwater, and
APLs.

or each of the general response actions, remedial technologies and potential process
ptions were tabulated. Remedial technologies and process options were identified after
onsidering several sources of information. References used for technology screening
iclude the following:

• USEPA, 1989, Guidance for Conducting Remedial Investigations and
Feasibility Studies under CERCLA, OSWER Washington, D.C.,
EPA/540/G-89/004.

• DOD Environmental Technology Transfer Committee, 1994,
Remediation Technologies Screening Matrix and Reference Guide,
Second Edition, Federal Remediation Technologies Roundtable,
Washington, D.C., EPA/542/B-94/013.

• USEPA, 1993, USEPA Engineering Issue - Technology Alternatives
for the Remediation of PCB-Contaminated Soil and Sediment,
OSWER, Washington, D.C., EPA/540/S-93/506.
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• USEPA, undated, Tech Kit of Information Resources for Brownfield
Investigation and Cleanup.

• USEPA, 1997, Vendor Information System for Innovative Treatment
Technologies (VISITT), Version 6.0, OSWER, Washington, D.C.

• Alternative Treatment Technology Information Center (ATTIC).

• USEPA, 1990, Guidance on Remedial Actions for Superfund Sites with
PCB Contamination, OERR, Washington, D.C., EPA/540/G-90/007.

• USEPA, 1998, In Situ Treatment of Contaminated Sediment, OSWER,
Washington, D.C.

• Groundwater Remediation Technologies Analysis Center (GWRTAC),
1998, Technologies for DNAPL Source Zone Remediation, GWRTAC,
Pittsburgh, PA, TE-98-02.

• Federal Remediation Technologies Roundtable, 1998, Remediation
Technologies Screening Matrix and Reference Guide, Version 3.0,
http://www.frtr.gov.

• Sutherson, Suthan, 1997, Remediation Engineering Design Concepts,
CRC-Lewis Publishers, Boca Raton, FL.

Tables 3-1 through 3-3 present a comprehensive listing of potential general response actions,
remedial technologies, and process options for sediments, groundwater, and NAPLs,
respectively. These tables serve to document the initial technology screening portion of the FS.

3.2 INITIAL SCREENING OF TECHNOLOGIES
Remedial technologies and process options identified for each media were evaluated based
on effectiveness, implementability and relative cost given the site-specific conditions at the
Former Sharon Transformer Site. In general, the evaluation was based on the references
above and professional judgment and consideration of the following:

* Effectiveness - Whether a technology or process option is applicable to
a media or COPC, a demonstrated technology, or able to reduce risk.
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• Implementability - Whether a technology or process option is an
established technique and commercially available or whether site-
specific conditions prevent or inhibit the implementation of a
particular technology or process option.

• Cost - A qualitative estimate of capital and long-term operation and
maintenance costs associated with a particular technology or process
option relative to other process options within a given technology.

Upon evaluating these parameters, a determination as to the screening status was made
for each of the process options. Each process option was either retained as a potential
medial alternative component or eliminated from further consideration (Tables 3-1

through 3-3; shaded rows indicate process options that were screened out). If multiple
process options within the same technology class appear to have similar potential
c ffectiveness and implementability, the options with lower costs were retained. Process
ptions which were retained through the initial screening are evaluated in more detail as

part of the secondary screening (Section 3.3),

For all media of interest, the no action and limited action general response actions were
retained for further evaluation as a potential component of remedial alternatives. Limited
ction includes such options as restricting access (institutional controls) and monitoring
site inspections and sampling and analysis). In addition to no action and limited action,
the following remedial technologies were retained for further evaluation as potential
medial alternative components:

• Shenango River Sediment - Additional remedial technologies
remaining include capping, excavation or dredging with off-site
disposal, and in-situ treatment of impacted soil and sediment.

• Groundwater - Additional remedial technologies remaining include
recovery and disposal options, and iri-situ or ex-situ treatment of
impacted groundwater.

• NAPLs - Additional remedial technologies remaining include vertical
barriers, recovery and enhanced recovery methods, in-situ treatment,
and off-site incineration.
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3.3 SECONDARY SCREENING OF REMEDIAL TECHNOLOGIES
Technologies and process options identified for sediments, groundwater, and NAPLs
which passed the initial screening (Tables 3-1 through 3-3) were then screened in a more
detailed manner for effectiveness, implementability, and cost. At this secondary
screening step, these three criteria are applied only to the technologies and general
response actions they are intended to satisfy, and not to the site as a whole. This
secondary screening will allow for the detailed evaluation of remedial alternatives to
more clearly focus on a limited number of effective and implementable alternatives that
encompass the range of no action, limited action, containment, treatment, and removal.

Effectiveness focuses on the ability of the technology or process option to handle the
estimated volume of media and meet remedial action objectives; the potential impacts to
human health and the environment during construction and implementation; and the
degree of reliability of the process option with respect to the COPC present and the site
conditions. Implementability encompasses both the technical and institutional feasibility
of a given process. Because technical implementability was used in the initial screening,
the secondary screening places greater emphasis on the institutional and procurement
aspects of implementation. The cost rating is based on engineering judgment and is
relative to other options in the same technology category. The RI/FS Guidance
Document (USEPA, 1988) suggests that at this stage of evaluation, primary emphasis be
given to consideration of effectiveness, with lower emphasis placed on implementability
and cost.

3.3.1 Shenango River Sediments
The screening level ERA identified sediments in portions of the Shenango River as
posing a potential risk to ecological receptors. Subsequent sampling has further defined
the extent and quality of sediments, as well as identified impacted riparian soils.
Sediments within drainage pathways (storm sewers) may also pose an ecological risk
should they be washed into the river. Remedial technologies screened for river sediments
and related soils include no action, limited action controls, capping, removal and
disposal, and in-situ treatment. Results of this secondary screening phase for sediments
are briefly discussed below.
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3.3.1.1 No Action
The "no-action" alternative serves as a baseline condition against which other remedial
technologies or alternatives are compared. Under this option, no further action would be
tiiken to remediate the sediments and riparian soils in the Shenango River corridor and
sociated drainage pathways.

Effectiveness; The "no-action" alternative would not meet the remedial action objective
reducing the potential risk of ecological receptors to sediments containing PCBs and

other constituents in the short term. Over time, natural resedimentation and/or
tenuation of COPCs may reduce the exposure of ecological receptors. This alternative
ould also not address the potential, but unquantified, risks related to riparian soils and
orm sewer sediments.

Implementability: This option is easily implemented, as no action is taken.

Cost: Capital costs would not be incurred. Long-term costs (i.e., five-year reviews)
would be low.

Conclusion: "No action" would not meet the remedial action objectives for Shenango
Fiver sediments, but is retained for further consideration to serve as a baseline for
comparison with other options.

3*3.1.2 Limited Action: Institutional Controls
Distitutional controls implemented for the site could include fish consumption advisories
or fishing restrictions, as well as other restrictions on activities which may cause the
disturbance sediments. No actions would be taken to address COPCs in the sediments.

Effectiveness: Institutional controls would not address the potential ecological risks
pased by impacted sediments. If complied with, however, these controls would
e 'fectively control the potential risk to humans caused by fish consumption, and would
limit the potential for resuspension of impacted sediments into surface water.

1 nplementability: A fish consumption advisory is currently in place for carp and
muskellunge in the Shenango River, and continuing this advisory would be readily achieved.
F estrictions on activities which disturb sediments may be more difficult to implement.

-, ÛMMINGS
3'5



Cost: Capital and long-term costs associated with implementing and maintaining these
institutional controls would be minimal.

Conclusion: Institutional controls are retained for consideration as an essential
component of the selected remedy.

3.3.1.3 Limited Action: Monitoring
Monitoring would consist of routine site inspections for erosion, general maintenance
items, and assessment of the permanence and effectiveness of the selected remedial
alternative(s). Monitoring may also include sampling and analysis of the affected media
to assess current COPC concentrations.

Effectiveness: Monitoring activities alone would not be effective at meeting the remedial
action objectives. Continued site monitoring is, however, an essential component of any
remedial alternative, in order to assess the performance of the selected remedy.

Implementability: Routine site monitoring is readily implemented for most locations,
however portions of the river in the vicinity of the water company are accessible to
monitoring by boat only.

Cost: No capital costs would be incurred for monitoring activities. Long-term costs
would be low to moderate, depending on the scope of the monitoring activities.

Conclusion: Monitoring is retained for consideration as an essential component of the
selected remedy.

3.3.1.4 Limited Action: Natural Attenuation
Natural attenuation is the detoxification of organic COPCs over time by indigenous
bacteria under aerobic or anaerobic conditions. Under aerobic conditions, certain
microorganisms can reduce organics to water, chloride, and carbon dioxide. Under
anaerobic conditions, bacteria which derive energy from chlorine can strip chloride ions
from the COPC molecules, generally resulting in less toxic compounds. No specific
actions are taken, other than occasional monitoring to verify that natural recovery
processes are occurring.
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Effectiveness: Numerous studies have been performed indicating that natural attenuation
of PCB compounds can and does occur at some locations over time. These studies
i ndicate that attenuation occurs fastest with lesser chlorinated compounds and where
initial concentrations are highest. A reduction in chlorine content would render PCBs
less toxic and less likely to bioaccumulate. Inorganic COPCs would not be addressed by
this approach.

Implementability: The implementation of a natural attenuation remedy is readily
chieved.

Cost: Initial and long-term costs for determining if favorable conditions for natural
attenuation exist in the Shenango River sediments would be low to moderate.

Conclusion: Natural recovery of sediment quality through natural attenuation is retained
for further consideration.

3.3.1.5 Limited Action: Resedimentation
For resedimentation, natural sedimentation processes are allowed to occur over time,
ĵ adually capping the existing impacted sediments under a layer of new sediment. No
pacific actions are taken, other than occasional monitoring to verify that natural

sedimentation processes are occurring. ,

j Effectiveness: By allowing resedimentation to occur, the potential risk to ecological
receptors would be effectively reduced by eliminating the bioavailability of impacted
ediments. As sedimentation patterns shift over time, some areas of impacted sediment may
not be effectively covered. Additionally, the dam at the Shenango Reservoir, approximately
three miles upstream of the site, tends to limit the quantity of sediment transported by the
river to the area of interest. This approach would also not address the potential risks posed
by impacted sediments which may be present in the storm water sewers.

mplementability: The implementation of resedimentation is readily achieved.

'ost: Initial and long-term costs for implementing natural resedimentation would be low.
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Conclusion: Natural recovery of available sediment quality through resedimentation is
retained for further consideration.

3.3.1.6 Containment: Cover
For this technology, impacted Shenango River sediments and riparian soils would be left
in place and covered with a geotextile and several inches of a clean cover material, such
as riprap or AquaBlok™ (see Appendix D). The cover material would be designed and
placed appropriately to minimize the potential for erosion or scouring by the river, which
would cause the underlying impacted material to be reexposed.

Effectiveness: A cover, if designed, installed and maintained properly, would effectively
reduce the potential risks to ecological receptors associated with Shenango River
sediments and riparian soils by eliminating the exposure pathway. Installation of a riprap
cover without appropriate sedimentation controls may cause temporary resuspension of
some sediment. Changes to the river profile caused by the cover may increase the
potential for flooding in nearby low-lying areas. This approach would not address the
potential risks posed by impacted sediments which may be present in the storm water
sewers.

Implementability: This option is readily implemented along certain portions of the
Shenango River corridor, such as near Clark Street, where access to the river by
earthmoving equipment can be achieved. This option would be more difficult to
implement in other areas such as near the dam, where steep, densely vegetated banks and
deep river pools inhibit access by conventional equipment.

Cost: Capital costs for installation of a cover would be moderate, with low to moderate
long-term maintenance costs.

Conclusion: The installation of a cover over impacted sediments is retained for further
consideration.

3.3.1.7 Containment: Vertical Barriers
A vertical barrier, consisting of either steel sheet piles or cofferdams, would be
constructed around the impacted sediments to temporarily divert the river away from the
sediments. Such a barrier would minimize the spread of impacted sediments ^^
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downstream, as well as provide some protection for the Shenango Valley Water Company
urface water intake. The area inside the barrier would be dewatered, allowing
arthmoving equipment to remove the impacted sediments or perform other appropriate
emedial actions with minimal resuspension of sediment to the main river channel. After
ompletion of the remedial action, the barrier would be removed.

Effectiveness: Installation of a temporary vertical barrier would not by itself address the
otential ecological risks associated with impacted sediments, but would reduce potential
mplementation risks associated with other remedial actions. This approach would also
ot address the potential risks posed by impacted sediments which may be present in the
torm water sewers. Some short-term risk may be posed by the resuspension of sediment
luring installation of the barrier.

mplementability: The installation of sheet piling is readily implemented along certain
x)rtions of the Shenango River corridor, such as near Clark Street, where the channel is
hallow and access to the river is available. This option would be slightly more difficult
o implement in other areas such as near the dam, where barrier installation would require
arge-mounted equipment due to steep/densely vegetated banks and deep river pools.

Cost: Capital costs for installation and subsequent removal of a temporary vertical
>arrier would be moderate, with no long-term maintenance costs.

Conclusion: The installation of a temporary sheet pile barrier around impacted
ediments is retained for further consideration in combination with other remedial
dternatives.

3.3.1.8 Containment: Silt Curtains
\ temporary silt curtain, similar to silt fences used for erosion control on land, could be
)laced around impacted sediments subject to subsequent remedial actions. This approach

>uld minimize the potential for sediment resuspended by a remedial action to enter the
nain river channel. The area inside the silt curtain would not be dewatered. After
;ompletion of the remedial action, the barrier would be removed.

Effectiveness: Installation of a temporary silt curtain would not by itself address the
potential ecological risks associated with impacted sediments, but would reduce potential
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implementation risks associated with other remedial actions. This approach would also
not address the potential risks posed by impacted sediments which may be present in the
storm water sewers. Some short-term risk may be posed by the resuspension of sediment
during installation of the barrier.

Implementability: The installation of a silt curtain is readily implemented along certain
portions of the Shenango River corridor, such as near Clark Street, where the channel is
shallow and access to the river is available. This option would be slightly more difficult
to implement in other areas such as near the dam due to steep, densely vegetated banks
and deep river pools.

Cost: Capital costs for installation and subsequent removal of a temporary silt curtain
would be low to moderate. No long-term costs would be incurred.

Conclusion: The installation of a temporary silt curtain around impacted sediments is
retained for further consideration in combination with other remedial alternatives.

3.3.1.9 Removal and Disposal: Conventional Excavation
Excavation using conventional earthmoving equipment is a viable option for impacted
sediments and riparian soils. Dewatering and isolation of the areas to be excavated would
be necessary. Sediments and soils containing COPC concentrations exceeding the
designated cleanup criteria would be excavated for subsequent treatment and/or disposal,
depending on the characteristics of the excavated material. The excavated areas would be
backfilled in a manner that would restore the channel to its pre-excavation cross-section.

Effectiveness: With appropriate sedimentation controls in place, excavation and off-site
disposal of impacted sediment and soil is an effective means of reducing potential risks to
ecological receptors. Post-excavation sampling would verify that impacted sediments
were removed. Backfilling the excavations with appropriate material would provide
further protection against residual COPCs in the remaining sediments.

Implementability: Excavation using conventional earthmoving equipment is readily
implemented along certain portions of the Shenango River corridor, such as near Clark
Street, where the channel is shallow and access to the river for such equipment is
available. This option would be difficult to implement in other areas such as near the



dam, where steep, densely vegetated banks and deep river pools will restrict the ability to
use conventional equipment. A suitable location for staging, de watering, and loading
ong the shoreline between the dam and Clark Street may not be available. Additional
recautions may be necessary to prevent the introduction of impacted sediment into the
lenango Valley Water Company surface water intake.

Cost: Capital costs for this option would be high relative to other options. Costs for
long-term maintenance of the backfilled areas would be low.

Conclusion: Excavation using conventional excavation equipment is retained for further
consideration as a remedial alternative in areas accessible by such equipment.

3.3.1.10 Removal and Disposal: Environmental Dredging
Environmental dredging using mechanical dredges (such as clamshells) or hydraulic
dredges (such as horizontal augers) is a potentially viable option for impacted sediments.
ediments containing COPC concentrations exceeding the designated cleanup criteria
'ould be removed in a slurry, dewatered with appropriate water treatment and discharge,
nd taken to an appropriate off-site facility for subsequent treatment and/or disposal,
epending on the characteristics of the excavated material. The excavated areas would be

backfilled in a manner that would restore the channel to its pre-excavation cross-section.

Effectiveness: With appropriate siltation controls in place, dredging of impacted
diment could be an effective means of reducing potential risks to ecological receptors.

However, full-scale environmental dredging projects performed to date in the U.S. have
mostly yielded either inconsistent or unverified results (GE, 1997). Post-dredging
ampling would verify that impacted sediments were removed. Backfilling the dredged
areas with appropriate material would provide further protection against residual COPCs
n the remaining sediments.

mplementability: Dredging of impacted sediments would be difficult due to the relative
lallowness of the river for barge-mounted equipment, and lack of a suitable shoreline

srea for land-based dredge access, staging, de watering, and loading along and between
ic dam and Clark Street. Additional precautions may be necessary to minimize the
Production of impacted sediment into the Shenango Valley Water Company surface
vater intake.
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Cost: Capital costs for this option would be very high relative to other options. Costs for
long-term maintenance of the backfilled areas would be low.

Conclusion: Environmental dredging is retained for further consideration as a remedial
alternative.

3.3.1.11 Chemical Treatment: Solvent Extraction
Solvent extraction is typically performed ex situ and involves washing the impacted
sediment with a solvent capable of extracting the COPC from the sediment into the
solvent, which would then be treated and/or disposed properly. For ex-situ treatments,
the cleaned sediment could be used to backfill the excavated areas or disposed at an
appropriate off-site facility, depending on the effectiveness of the treatment.

Effectiveness: Solvent extraction has been commercially demonstrated to be an effective
method for treating soils and sediments impacted by PCBs. Solvent extraction reduces
the volume of the COPC by transfer from solid to liquid media, but does not reduce
toxicity. An additional remedy may be necessary for inorganic COPCs, which cannot be
treated by this chemical method.

Implementability: The services of a specialized remediation contractor would be
required and are readily available. The implementability of the sediment excavation
methods would also directly impact the ability to perform this process. Finding a suitable
location near the sediment removal areas to perform this treatment process may be
difficult.

Cost: Capital costs for solvent extraction, including disposal of the spent solvent, would
be high. Costs for long-term maintenance of the excavated areas would be low.

Conclusion: Based on the relatively low volume of impacted sediment and low
concentrations of COPCs, solvent extraction would not be cost-effective, and will not be
considered further as a potential remedial option.
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3.3.1.12 Biological Treatment: Enhanced Biodegradation
Enhanced biodegradation is an in-situ treatment method where COPC-specific
microorganisms and, if needed, micronutrients are injected into impacted sediments in
rder to enhance natural biodegradation of the COPC to less toxic (or non-toxic)
compounds.

Effectiveness: Various lab studies indicate that enhanced biodegradation of various
rganics, including PCBs, is feasible, but few full-scale in-situ treatments for impacted
diments have been performed to date. This method could be effective for reducing

potential ecological risks, although achieving a uniform level of treatment in situ can be
difficult. The effectiveness of the system depends on the ability to inject (or deliver) the
biological organisms to the impacted media. Inorganic COPCs would not be addressed
b f this approach.

Inplementability: Enhanced biodegradation services are commercially available. The
limited thickness and general scarcity of fine-grained sediments in the Shenango River
ould make implementation more difficult.

Cost: Capital costs for enhanced biodegradation would be moderately high relative to
ther alternatives, while costs for long-term maintenance of the areas would be low.

Conclusion: Due to the lack of demonstrated full-scale success for this method,
e nhanced biodegradation will not be considered further as a potential remedial
alternative.

3.2 Alluvial Groundwater
he HHRA identified groundwater in the alluvial aquifer in the South and Middle Sectors

of the site as posing unacceptable carcinogenic and non-carcinogenic risks to various
potential human receptors, including future residents and workers using groundwater for
bathing and consumption. The primary COPC for the alluvial groundwater in the South
ector is VOCs (chlorinated aliphatic hydrocarbons) while the primary COPCs in the

Middle Sector include VOCs (both chlorinated aliphatic hydrocarbons and chlorinated
aromatic hydrocarbons), dioxin, and PCBs. Inorganic parameters (primarily arsenic)
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were also cited in the HHRA as posing an unacceptable risk. However, the detections of
the inorganic parameters are somewhat sporadic and may be more representative of
background or regional conditions within the aquifer, or of spatial variability.

Remedial technologies screened for alluvial groundwater include no action, limited action
controls, recovery and treatment/disposal options, and various physical/chemical and in-
situ treatment options. Results of this screening phase for groundwater are briefly
discussed below.

3.3.2.1 No Action
The "no-action" alternative serves as a baseline condition against which other remedial
technologies or alternatives are compared. Under this option, no further action would be
taken to remediate the alluvial groundwater.

Effectiveness: The "no-action" alternative may meet the remedial action objective for
current use exposures to impacted alluvial groundwater as well as under reasonably
anticipated future land use scenarios. However, potential risks exist for the exposure of
hypothetical future residents and/or workers, as determined in the HHRA. In addition,
the "no-action" alternative would not meet the remedial action objectives for preventing
further aquifer degradation or improving groundwater quality.

Implementability: This option is easily implemented, as no action is taken.

Cost: Capital costs would not be incurred. Long-term costs (i.e., five-year reviews)
would be low.

Conclusion: No action would not meet the remedial action objectives for alluvial
groundwater, but is retained for further consideration to serve as a baseline for
comparison with other options.

3.3.2.2 Limited Action: Deed Restrictions/Municipal Ordinance
Deed restrictions could be implemented to limit future uses of the groundwater at the site
through covenants placed on property deeds. Alternatively, a municipal ordinance could
be enacted to prohibit the installation and use of groundwater supply wells for specific
uses within a certain area. The intent of deed restrictions and/or municipal ordinance
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would be to reduce potential unacceptable exposure to human receptors. Such
restrictions would have an initial duration of 30 years, after which the current conditions
would be re-evaluated to determine the need for continuing the restrictions.

Effectiveness: Deed restrictions and the municipal ordinance as described above would
establish institutional measures intended to limit the access to and use of impacted
£roundwater. Restrictions would prevent water supply wells from being drilled in
ffected areas for potable, sanitary, or other specified uses. This option would meet the
remedial objectives for exposure control, especially in combination with the existing
reliable supply of public water available throughout the area, but would not protect the
lluvial aquifer from further degradation or reduce COPC concentrations.

1 mplementability: Deed restrictions could be easily implemented for portions of the site
v nder the administrative control of CBS. For properties downgradient of the site,
e nactment of a municipal ordinance restricting the use of groundwater may be more
readily implemented than individual property deed restrictions. Preliminary discussions
with the City of Sharon indicate a general willingness to pursue such an ordinance.

Cost: Capital costs for implementing this option consist primarily of legal and filing fees,
snd are considered low to moderate. Long-term costs for this option would be low.

Conclusion: Deed restrictions and/or a municipal ordinance may be necessary in order to
] irevent exposure to impacted groundwater even if an active remedy for groundwater is
selected, and is therefore retained as a potential option for groundwater.

3.3.2 J Limited Action: Monitoring
Monitoring would consist of periodic sampling and analysis of the site groundwater to
assess the migration and/or changes in COPC concentrations. In addition to sampling and
analysis, routine site inspections may be required to monitor maintenance items and to
assess compliance with deed restrictions

Effectiveness: Monitoring activities alone would not be effective at meeting the remedial
action objectives. Continued site monitoring is, however, an essential component of any
lemedial alternative, in order to assess the performance of the selected remedy.
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Implementability: Routine site monitoring is readily implemented.

Cost: Some capital costs would be incurred for monitoring activities, consisting
primarily of dedicated sampling equipment. Long-term costs would be low to moderate,
depending on the scope of the monitoring activities.

Conclusion: Monitoring is retained for consideration as an essential component of the
selected remedy.

3.3.2.4 Limited Action: Monitored Natural Attenuation
Monitored natural attenuation (MNA) is defined as the use of natural attenuation
processes (within the context of a carefully controlled and monitored site cleanup
approach) to achieve site-specific remedial objectives within a time frame that is
reasonable compared to other methods (USEPA, 1998). Natural attenuation processes
include a variety of physical, chemical, or biological processes that, under favorable
conditions, will act without human intervention to reduce the mass, toxicity, mobility,
volume, or concentration of contaminants in soil and groundwater. These processes
include biodegradation, dispersion, dilution, sorption, volatilization, and chemical or
biological stabilization or destruction of contaminants (USEPA, 1998).

MNA consists of periodic sampling and analysis of the site groundwater to assess
migration, degradation, and changes in COPC concentrations. Groundwater samples may
or may not be analyzed for natural attenuation parameters. Although this process is
similar to the "Limited Action: Monitoring" process discussed above, it involves a more
detailed evaluation of the fate and transport of contaminants and associated degradation
of products along the flow path. MNA is typically used in conjunction with (or as a
follow-up to) active remedial alternatives such as source control.

Effectiveness: Monitored natural attenuation activities alone would likely not be
effective at meeting the remedial action objectives related to groundwater quality within a
reasonable time frame. However, MNA in conjunction with temporary use restrictions
and/or an active source control process may be an effective remedy for reducing
exposure. Groundwater sampling performed at the site in 1999 indicated that natural
attenuation processes are potentially occurring at portions of the site.
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Implementability: Natural attenuation monitoring is readily implemented.

< 'ost: Some capital costs would be incurred for monitoring activities, consisting
[ rimarily of dedicated sampling equipment. Long-term costs would be low to moderate,
c epending on the scope of the monitoring activities.

Conclusion: Monitored natural attenuation is retained for consideration as a potential
c omponent of the selected remedy. It has application for both the South and Middle
S ectors at the site.

3.3.2.5 Recovery and Treatment/Disposal: Groundwater Extraction
I tor this option, a series of groundwater recovery wells (either vertical or directional) are
c rilled and installed in the alluvial aquifer. Submersible pumps are then installed into the
wells which deliver groundwater to the surface for treatment and/or disposal. The
i lonitoring wells are screened in selected zones containing high concentrations of COPCs.
his process may be used to establish hydraulic control within the portions of the alluvial
quifer impacted with COPCs, or as an aggressive aquifer remediation where numerous
wells are installed to pump large volumes of impacted groundwater for treatment.

various types of enhanced groundwater recovery methods may also have application at
me Sharon site. These techniques generate enhanced fracture networks which can
increase soil permeability to liquids and vapor and therefore, accelerate contaminant
removal. Hydraulic fracturing involves injecting water under high pressures into the
I lottom of a borehole to create a notch. A slurry of water, sand, and a thick gel is then
pumped at high pressures into the notch in order to induce fracturing. The gel then
biodegrades leaving sand filled fractures. Pneumatic fracturing involves the injection of
highly pressurized air into consolidated or semiconsolidated sediments to extend existing
ractures and possibly create a secondary fracture network.

Operational procedures can include continuous or pulsed pumping which may optimize
jroundwater/contaminant recovery. There are various options regarding treatment and/or
lisposal of the groundwater once it is pumped to the surface. These options will be
liscussed later in this section.
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Effectiveness: This alternative is highly effective in recovering groundwater and
establishing hydraulic control at a site, although the effectiveness of groundwater
recovery in removing significant quantities of COPCs from the aquifer may be limited.
This process option, when combined with an effective treatment/disposal option and
temporary use restrictions, could meet the remedial action objectives for exposure
control, reduction/mitigation against aquifer degradation, and the eventual reduction of
COPC concentrations.

Implementability: Groundwater extraction systems are easily installed using proven
methods. A number of drilling contractors can provide these services and are readily
available. Off-site well locations would require access agreements. If implemented as a
remedial option for both the South and Middle Sectors, one treatment building would be
installed with pipelines conveying groundwater from both of the impacted areas.

Cost: Capital costs for this option would be very high relative to other options based on the
number of recovery wells required for hydraulic control in each sector. Costs for long-term
maintenance of an associated treatment/disposal option would be moderate to high.

Conclusion: The limited effectiveness of groundwater extraction in restoring aquifers in
a reasonable time frame, particularly where NAPLs are present, has been well
documented. However, because this method is considered to be effective in recovering
groundwater and establishing hydraulic control, it is retained to be used in combination
with an effective treatment/disposal option. This method option could be utilized in
either or both of the South and Middle Sectors at the site.

3.3.2.6 Recovery and Treatment/Disposal: On-Site Disposal to POTW
This option would involve discharging extracted groundwater to a local POTW that has
sufficient capacity and is willing to accept the groundwater. The option would involve
negotiating an agreement with the local authority and would likely require pretreatment.
The groundwater (pretreated or untreated) could either be trucked or conveyed by pipeline
to the POTW.

Effectiveness: Assuming acceptance by the local POTW, disposal of groundwater or
pretreated effluent by the POTW would be an effective means for disposal of site
groundwater. -—^
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/ 'nplementability: The neatest POTW is the City of Sharori Waste Water Treatment Plant
>cated approximately 1.1 miles from the site. The plant currently does not receive any
ater from outside disposal facilities and has no plans to do so in the future. The plant is
urrently rated at 4.5 million gallons per day (gpd) and typically runs at approximately 40 to
0 percent of that capacity (depending primarily on weather conditions). The anticipated

f ow from a groundwater recovery system (used for hydraulic control) from both the South
nd Middle Sectors is approximately 180,000 gpd.

furthermore, the maximum influent concentrations for PCBs that a typical POTW will accept
less than 3 |ig/l (in accordance with TSCA), which means that extracted groundwater will
:ely require an effective pretreatment step prior to discharge to the POTW.

C 'ost: Capital costs for installation of a tap-in line from the treatment system to the
nearest sanitary sewer line would be moderate. Operation and maintenance costs for
disposal at the POTW would be high.

Conclusion: Because it is unlikely that the local waste water treatment facility will
:cept treated or untreated groundwater, and due to the substantial costs involved for this
rpe of disposal, this option of groundwater disposal to the local POTW will not be
tained for further consideration.

3.3.2.7 Recovery and Treatment/Disposal: Discharge to the Shenango River
his option would involve discharging extracted groundwater to the Shenango River after

c smpleting some form of pretreatment. The treated effluent would require compliance
ith relevant and appropriate permit conditions specified in an NPDES permit. The
retreated groundwater would likely be conveyed from the treatment facility to the river
ia a tap-in to an existing storm sewer, such as along Clark Street.

ffectiveness: Disposal of pretreated groundwater into the river would be an effective
means of disposal of site groundwater. Assuming an effective groundwater treatment (to
alth-based and/or ecological-based standards), no adverse effects on human health or

the environment are anticipated. This disposal option when used in combination with an
iequate groundwater recovery system (for hydraulic control) and groundwater use
strictions would likely meet the remedial action objectives.
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Implementability: The Shenango River is located approximately 1,000 feet west of the
site. Assuming compliance with the conditions of a discharge permit, the technical
implementation of this option is relatively easy. The hydraulic loading rate would be
equivalent to the final discharge rate (approximately 200 gpm). The storm sewer at Clark
Street is likely the only available storm sewer leading from the site which would have the
available capacity to handle this discharge.

i

Cost: Capital costs would likely be relatively low based on the installation of the storm
sewer tap-in and NPDES permitting costs. Operation and maintenance costs related to
the discharge would also be low.

Conclusion: This option is retained for potential use in combination with other process
options for developing remedial alternatives.

3.3.2.8 Recovery and Treatment/Disposal: Reinjection
This disposal option involves discharging treated groundwater back into the subsurface
through a series of injection wells or an infiltration gallery. Surfactants or chemical
oxidation agents are sometimes used as additives to assist in DNAPL removal or
otherwise flush the aquifer to aid in the removal of COPCs.

Effectiveness: Assuming an effective groundwater collection and treatment (to health-
based standards), no adverse effects on human health or the environment are anticipated.
This disposal option when used in combination with an adequate groundwater recovery
system (for hydraulic control) and groundwater use restrictions would likely meet the
remedial action objectives.

Implementability: Based on the site hydrogeology (shallow depths to the water table)
and anticipated volume of groundwater to be disposed, it is likely that reinjection would
require pressure to be effective. This disposal option would be relatively difficult to
implement primarily because the underground piping system would require the
disturbance of many site building floors.
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Cost: Capital costs would likely be moderate based on the drilling and installation of
dditional reinjection wells and construction of the piping system. Operation and

i naintenance costs would also be moderate based on the requirement for reinjection pressure.

Conclusion: Because this option would be difficult to implement (based on the site
liydrogeology) and the technical impracticability of pipeline installations, it will not be
tained as a disposal option.

3.3.2.9 Physical/Chemical Treatment: Solids Filtration
1 Nitration is the process of removing solids from the aqueous flow by passing the water
t irough a porous filter medium, typically either sand or a cotton/synthetic fiber cartridge.
and filters can be backwashed to remove the accumulated solids, while spent cartridges
re replaced. Spent cartridges and/or recovered solids are then disposed of as a residual
r hazardous waste.

Effectiveness: Filtration is an effective process for removing solids from extracted
roundwater, thereby potentially removing inorganic and certain organic compounds
'hich adhere to those solids. Filtration is often a required treatment process prior to
ther processes such as carbon adsorption in order to prevent clogging of the subsequent
eatment processes.

mplementability: Filtration is a readily implemented treatment process. Routine
i laintenance would be required to backwash the sand beds or change the filter cartridges.

ost: Capital costs for filtration systems are low to moderate with long-term operation
nd maintenance costs low.

ônclusion: Due to its potential effectiveness in removing inorganics and common use
s pretreatment for other processes, this option is retained for potential use as a
roundwater treatment method.

33.2.10 Physical/Chemical Treatment: Ion Exchange
an exchange is a process is an inorganics treatment method used to remove ions from a
.quid stream. A synthetic resin selected specifically for the removal of certain inorganics
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exchanges an ion such as sodium for an ion of environmental concern. When the resin is
spent, it is washed off with brine, resulting in a concentrated solution of the target
inorganics, which would then require further treatment.

Effectiveness: Ion exchange is an effective process for removing inorganics from extracted
groundwater, particularly for a high-flow and relatively dilute waste stream such as is
anticipated for the Sharon site. The concentrated solution of target inorganics may be a
hazardous waste and would require appropriate subsequent treatment at an off-site facility.

Implementability: Ion exchange is a common technology that is readily available from
numerous vendors. Further treatment of the concentrated wash solution would be
required and is commercially available.

Cost: Capital costs for the ion exchange are high with moderate long-term operation and
maintenance costs.

Conclusion: Due to its potential effectiveness in removing inorganics, ion exchange is
retained for further consideration in developing remedial alternatives for groundwater
treatment.

3.3.2.11 Physical/Chemical Treatment: Air Stripping
Air stripping involves the process of volatilization, or the removal of VOCs from
groundwater by passing a stream of air through the water as it flows through a contacting
system. This process provides sufficient driving force to promote mass transfer of
organic compounds from the liquid to the gas phase. Stripping with steam is sometimes
used when steam is available at a site. Several contacting systems can be used, such as
mechanical surface aerators, diffused aeration, spray or tray towers, open-channel
cascades, and counter-current packed towers. When there is a concern over VOC
emissions, the use of packed towers is preferred, as they are more amenable to air
pollution controls. Thermal or catalytic oxidation or adsorption can be used to treat off-
gases and control vapor-phase hydrocarbons, if needed.

Effectiveness: Air stripping is an effective process for removing chlorinated aliphatic
hydrocarbons from groundwater systems. This type of physical treatment transfers
certain COPCs from the water phase to the air phase without actually reducing the
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mobility, toxicity, or volume of those COPCs. COPCs which are not VOCs (PCBs and
< hlorinated benzenes) would not be addressed by this method. When this process is used

combination with a hydraulic control (groundwater recovery) system and groundwater
use restrictions, it may provide an alternative that will meet the remedial goals at the site.
High inorganic concentrations may cause precipitates to form which will require
jpropriate disposal. The precipitates can also hamper system performance.

mplementability: Air stripping is a commonly used technology that is readily available
om numerous vendors. Off-gas treatment may be required as a part of this alternative to
omply with provisions of the CAA. Piping will be required from the extraction wells to

t tie treatment system.

( tost: Capital costs for the air stripping option are moderate with long-term operation and
i laintenance costs moderate to high, depending on the treatment of off-gases and the
olume of precipitates that form and require disposal.

onclusion: Because this option does not address the most significant COPCs at the site,
r stripping will not be considered as an ex-sitii treatment method.

3.3.2.12 Physical/Chemical Treatment: Aqueous-Phase Carbon Adsorption
reatment using carbon adsorption consists of pumping groundwater through (an)
ctivated carbon chambers). The activated carbon attracts the organic solute molecules,
icluding chlorinated aliphatic hydrocarbons, and other site COPCs. As a result, the
rganic compounds are transferred from the aqueous to the solid phase. Once the carbon
loaded (saturated with organic molecules), it typically requires treatment prior to
isposal or recycling. Maintenance is required to monitor the carbon loading so that a
hangeout can be completed before contaminant breakthrough occurs.

effectiveness: Carbon adsorption is an effective process for removing most chlorinated
liphatic hydrocarbons and other organic site COPCs from groundwater, with the
xception of vinyl chloride, which is present in low concentrations in a small portion of
le aquifer downgradient of the South Sector. The effectiveness of the carbon units
adsorption of organics) is reduced immediately prior to breakthrough. This type of
hysical treatment transfers the COPC from the water phase to the solid phase without
dually reducing the mobility, toxicity, or volume of COPCs. However, when this
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process is used in combination with a hydraulic control (groundwater recovery) system,
groundwater use restrictions, and appropriate management of spent carbon, it may
provide an alternative that will meet the remedial goals at the site.

Implementability: Carbon adsorption is a commonly used technology that is readily
available from numerous vendors. Pre- and post-filtering for the reduction of suspended
solids will likely be required to optimize the efficiency of the carbon units and meet the
effluent discharge requirements due to the hydrophobic nature of PCBs. The activated
carbon would either be regenerated for future use or disposed of at a licensed facility in
accordance with RCRA and state regulations. Piping will be required from the extraction
wells to the treatment system.

Cost: Capital costs for this type of system would be low to moderate relative to other
treatment options, while the operation and maintenance costs would be moderate to high,
depending on carbon usage.

Conclusions: This option is retained for potential use in combination with other process
options for developing remedial alternatives. This remedial option would have
application in both the South and Middle Sectors at the site.

3.3.2.13 Physical/Chemical Treatment: Chemical Oxidation with UV Catalyst
This ex-situ process involves the treatment of groundwater by the use of air, or oxidizers,
such as ozone, permanganate, or peroxide, to react with the organic chemical species,
either by adding oxygen or removing hydrogen (or electrons). The oxidizers break down
the carbon molecules in the carbon-hydrogen or carbon-halogen bonds. Ultraviolet (UV)
light is used as a catalyst in ozone oxidation or peroxidation processes. The result of the
UV light is that complex and often resistant species, such as halogenated hydrocarbons,
can either be fully degraded to basic components (carbon dioxide and water) or broken
down to simpler molecules which are more easily degraded. The main advantage of the
UV oxidation process is that it is a destructive process, as opposed to air stripping or
carbon adsorption, for which contaminants are extracted

Effectiveness: This process when used in combination with an effective hydraulic
control (groundwater recovery) system and groundwater use restrictions, is effective for
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eating the organic COPCs found at the site and may meet the remedial action objectives.
However, there is a moderate potential with regard to protectiveness for human health
fects because of the handling of chemical oxidants.

Implementability: This type of treatment technology is commercially available in a wide
range of sizes. Single lamp bench-top reactors are available which can run in either batch
r continuous modes. Handling of oxidizers will require special consideration.
Monitoring of the effluent is required to verify adequate quenching of the oxidizer. No
sidual byproducts that require off-site disposal are generated by this process.

Cost: Capital costs for this option would be high compared to other treatment options.
Operation and maintenance costs, including chemicals, would also be high based on the
stimated flow rate and contaminant concentrations.

Conclusions: This option is retained for potential use in combination with other process
options for developing remedial alternatives. This alternative could be used as a potential
mediation for groundwater extracted from both the South and Middle Sectors at the site.

3.3.2.14 In-Situ Treatment: Dual Phase Extraction
his process involves the components of a soil vapor extraction (SVE) system combined
ith extracting impacted groundwater for aqueous-phase carbon treatment (as described in
ection 3.3.2.10). A high vacuum system is applied simultaneously to remove various

combinations of hydrocarbon vapors and impacted groundwater from the subsurface. The
acuum causes a negative pressure gradient which prompts the volatilization of VOCs from

tlie soils to the vapor phase. The vapors are treated at the surface using vapor-phase carbon
eatment units. Groundwater withdrawal is accomplished through the same extraction
/ells as the SVE system with a drop tube installed from the wellhead to the screened
iterval. The groundwater removal lowers the water table allowing more of the unsaturated
zone to be exposed for vapor extraction. Treated groundwater is then reinjected back into
ic aquifer or discharged to a POTW or the Shenango River. Discharge permits may be
squired for both air and water (off-gas and water treatment processes).
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Effectiveness: This process is effective for treating VOCs at the site. However, this
process has only limited effectiveness treating PCBs and other SVOCs. The overall
effectiveness of this type of system depends upon the efficiency of the vapor and water
extraction systems.

Implementability: Dual phase extraction systems are readily available from a number of
vendors. Pilot tests would be required to assess the extent of influence of the extraction
wells prior to implementing a full-scale system. Appropriate discharge permits and
access agreements may need to be obtained.

Costs: Both capital and operation and maintenance costs are expected to be moderate to
high compared to other alternatives, due to the need for both vapor-phase and aqueous-
phase treatment systems.

Conclusions: Because the effectiveness of this process in treating PCBs and SVOCs is
limited, dual-phase extraction will not be retained for further consideration as a remedial
option for the Middle Sector. This option may be applicable for the South Sector.

3.3.2.15 In-Situ Treatment: Enhanced Biodegradation
Enhanced biodegradation is an in-situ treatment method where COPC-specific
microorganisms and, if needed, micronutrients are applied using one of several methods:

• Direct application of nutrients/microbes onto the ground surface;
• Injection of air/nutrient/microbes into an impacted aquifer

(biosparging); and/or
• Injection of air/nutrient/microbes into the vadose zone (bioventing).

These processes are used on impacted groundwater in order to enhance natural
biodegradation of the COPCs to less toxic (or non-toxic) compounds. This treatment
method could be used as a sole remedy for an entire area or "hot-spot" treatment could be
performed in combination with an alternate remedy for untreated areas.

Effectiveness: Enhanced biodegradation is an emerging technology with some
commercial success for treating groundwater impacted by various organic compounds.
Various types of compounds are used to stimulate biodegradation processes which in
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urn, degrade the organic molecules. The degradation process continues until less toxic
ompounds are produced. The effectiveness of the system depends on the ability to inject
or deliver) the biological organisms to the impacted media. An additional remedy may
e necessary for some COPCs, such as inorganics, which may not be treated by

biodegradation.

mplementability: The services of a specialized remediation contractor would be
quired and are readily available. Work performed off-site would require access
greements and related approvals from local landowners.

'ost: Capital costs for biodegradation would be moderate to high relative to other
i Iternatives, while costs for long-term monitoring of the groundwater would be low.

onclusion: Enhanced biodegradation is a viable alternative for the removal of organic
ompounds from the site groundwater, either as a sole remedy or for application in
elected areas. This process is retained for consideration as a potential component of the
lected remedy and would likely have application to both the South and Middle Sectors

t the site.

3.3.2.16 In-Situ Treatment: Permeable Reactive Barriers
permeable reactive barrier (also known as a passive treatment wall) is an innovative

reatment technology where a barrier is installed across the flow path of a contaminant
lume, allowing the water portion of the plume to passively move through the wall. The
ontaminants are removed from the water by zero-valent metals (typically iron), chelators
ligands selected for specific metals), sorbents, microbes, or others. The contaminants are
ither degraded or retained in a concentrated form by the barrier material Reactive
arriers can be designed using several orientations, including a funnel and gate system.
'he funnel and gate system employs cutoff trenches (i.e., slurry walls or sheet piles) using
DW permeability material which directs flow through an in-situ reactive zone (treatment
ate). Over time the reactive materials may lose their treatment potential and have to be
eplaced. Furthermore, the permeability of the reactive materials may be reduced over
ime due to precipitation deposits on the treatment media.

Effectiveness: This process provides an effective treatment for both VOCs and SVOCs
n groundwater as it passes through the barrier, but does not treat COPCs which remain at
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the source area(s). This innovative treatment has shown to be effective at sites where
there is a relatively impermeable aquitard below the impacted zone (which is the case
with the glacial till beneath the alluvial aquifer at the site). The process is also somewhat
effective in treating inorganics. With proper design of the barrier, a remedy for source
control, and groundwater use restrictions upgradient of the barrier, this option could meet
the remedial action objectives.

Implementability: Although this method may be effective in treating the site COPCs, it
is likely to be difficult to implement because there is no well-defined plume at the site,
particularly at the South Sector. Additionally, the design and placement of the barrier
wall may be difficult due to substantial infrastructure and industrial development
downgradient of the site. Work performed off site would require access agreements and
related approvals from local landowners.

Cost: This process would require high to very high capital costs (depending on the length
of the wall). Operation and maintenance costs would likely be moderate depending on
the frequency that the reactive material needs to be changed.

Conclusions: Because of the difficulty in implementing this process option with regard
to location and the lack of a well-defined plume, it will not be retained for further
consideration as a remedial alternative.

3.3.2.17 In-Situ Treatment: Recirculating In-Well Air Stripping
This innovative treatment technique is based on the principles of air stripping or sparging
and groundwater recirculation. In this method, air is injected into a double screened well,
lifting the water in the well and forcing it out the upper screen. Water is drawn in the
lower screen simultaneously. The water entering the well will allow for volatilization of
the impacted groundwater transferring the contaminants from the liquid to the vapor
phase. The volatilized contaminants rise through the water in the well and are extracted
and treated by a SVE system. The SVE system also collects vapors from the vadose zone
surrounding the well. The partially treated groundwater is never brought to the surface;
rather, it is discharged into the unsaturated zone and the process is repeated creating a
hydraulic circulation pattern. This continuous cycling of the groundwater allows the
contaminant concentrations to gradually be reduced.
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Effectiveness: While this process may be effective in treating the VOCs and certain
VOCs at the site, it is nbt ah effective process for treating PCBs. This type of process is
rimarily used for hot-spot treatment in highly impacted wells and is most effective at
tes with well-defined plumes. Fouling of the system can occur by infiltrating
recipitates containing oxidized constituents.

mplementability: In-well stripping systems are commercially available although
endors are somewhat limited. These systems would require pilot testing to determine
ic usefulness at the site. Off-gas treatment may be necessary which would require
btaining the appropriate air discharge permits. Work performed off site would require
ccess agreements and related approvals from local landowners. At impacted portions of
he aquifer downgradient of the South Sector, the limited thickness of unsaturated soils
generally less than six feet) makes this option impractical in that area.

'ost: Capital costs would be moderate depending on the number of wells required (or the
umber of wells where hot-spot treatment is required). Operation and maintenance costs
ire expected to be moderate to high relative to other alternatives, depending on the need
or off-gas treatment.

'onclusions: This option will not be retained for further consideration due to the limited
nsaturated zone thickness at the South Sector and presence of non-volatile COPCs in the
fiddle Sector.

3.3.2.18 In-Situ Treatment: Chemical Oxidation
his treatment method is similar to the ex-situ method described in Section 3.3.2.1 1, but is
>erformed in situ without a UV catalyst. Because this method is performed in situ, it poses
ess of an environmental risk, as there is less handling of oxidizing materials and no
;eneration of disposal products. It involves injecting chemical oxidants into impacted
;roundwater so that the contaminants are either completely oxidized to carbon dioxide or
onverted into less (or non-) toxic compounds that are commonly found in nature. Typical
*idants include hydrogen peroxide with ferrous iron, potassium permanganate, or ozone.

Effectiveness: This treatment method is effective for a wide variety of organic
ompounds. The effectiveness of the system depends on the ability to inject (or deliver)
he oxidants to the impacted media. Several methods include vertical wells, directional
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wells, jet grouting, and hydraulic fracturing among others. This system could be used in
conjunction with other treatment options and/or groundwater use restrictions to provide a
protective option that meets the remedial action objectives for the site.

Implementability: Commercially available systems are now available, but would require
pilot testing prior to full-scale implementation. The initial injection would be designed to
provide a somewhat complete aquifer treatment, while spot polishing in selected areas
may be required. Design considerations should include injection point spacing, the radius
of influence around the injection wells/points, and a determination of when and/or where
re-injections may be required. Work performed off site would require access agreements
and related approvals from local landowners.

Cost: Capital costs would be moderate to high based on the amount of chemicals
required and the delivery method selected. Operation and maintenance costs would be
low to moderate based on the frequency and amount of re-injections required.

Conclusions: This option is retained for potential use in combination with other process
options for developing remedial alternatives. When combined with other remedial
alternatives, this option could meet the remedial action objectives.

3.3.3 Non-Aqueous Phase Liquids
NAPLs have been detected in the subsurface at various locations in the South and Middle
Sectors, with the majority of LNAPLs and DNAPLs being located in the vicinity of the
former tank farm at the western edge of the Middle Sector. The HHRA did not explicitly
evaluate risk related to exposure to NAPLs, as there are no present or likely future NAPL
exposure scenarios. However, the presence of NAPLs in the subsurface would be
expected to continue to affect groundwater quality. Remedial technologies screened for
NAPLs include no action, limited action controls, vertical barriers, recovery and disposal,
and various in-situ treatment options. Results of this secondary screening phase for
sediments are briefly discussed below.

3.3.3.1 No Action
The "no-action" alternative serves as a baseline condition against which other remedial
technologies or alternatives are compared. Under this option, no further action would be
taken to remediate the subsurface NAPLs.
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Effectiveness: The "no-action" alternative would not meet the remedial action objectives
f reducing the likelihood of human exposure to NAPLs or the potential for impacts to
jroundwater. Over time, some degradation of NAPL components may occur.
\dditionally, LNAPLs may migrate laterally and DNAPLs may migrate vertically

< lownward to the bedrock aquifer.

mplementability: This option is easily implemented, as no action is taken.

lost: Capital costs would not be incurred. Long-term costs (i.e., five-year reviews)
vould be low.

onclusion: "No action" would not meet the remedial action objectives for NAPLs, but is
etained for further consideration to serve as a baseline for comparison with other options.

3.3.3.2 Limited Action: Use Restrictions
!)eed restrictions would serve to control future actions at the site which may disturb the
"JAPLs. The intent of the deed restrictions would be to reduce potential human exposure,
or example, by prohibiting the installation of groundwater supply wells in the areas
vhere NAPLs are present. Such restrictions would have an initial duration of 30 years,
ifter which the current conditions would be reassessed. Because the NAPLs extend onto
idjacent properties (Norfolk Southern and AK Steel), similar restrictions would have to
>e placed on those properties. Alternatively, a municipal ordinance could be enacted
jrohibiting the installation of groundwater supply wells for potable, sanitary, or other
macceptable uses throughout the site vicinity.

Effectiveness: Restrictions on groundwater supply wells, if complied with, would
iffectively reduce the potential for human exposure to NAPLs, but would not address
>otential impacts to groundwater nor reduce COPC concentrations.

'mplementability: Deed restrictions are readily implemented on property currently
>wned by CBS, but may be more difficult to implement on property not under the
idministrative control of CBS. Discussions with the City of Sharon indicate a possible
villingness to pursue municipal restrictions.
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Cost: Capital costs consist primarily of legal and filing fees, and would be low relative to
other options. Long-term costs would be low.

Conclusion: Pursuing municipal restrictions as well as deed restrictions on CBS property
is retained for further consideration.

3.3.3.3 Limited Action: Monitoring
Monitoring would consist of routine site inspections for compliance with restrictions,
general maintenance items, and assessment of the permanence and effectiveness of the
selected remedial alternative(s). Monitoring may also include sampling and analysis of the
affected media to assess current COPC concentrations and/or apparent NAPL thicknesses.

Effectiveness: Monitoring activities alone would not be effective at meeting the remedial
action objectives. Continued site monitoring is, however, an essential component of any
remedial alternative, in order to assess the performance of the selected remedy.

Implementability: Routine site monitoring is readily implemented for most locations.

Cost: No capital costs would be incurred for monitoring activities. Long-term costs
would be low to moderate, depending on the scope of the monitoring activities.

Conclusion: Monitoring is retained for consideration as an essential component of the
selected remedy.

3.3.3.4 Containment: Vertical Barriers
A vertical barrier, consisting of either steel sheet piles or a slurry or cement/bentonite wall,
would be constructed around the areas of known NAPL presence, in order to inhibit the
lateral migration of the NAPLs. The groundwater within the area inside the barrier would
typically be extracted in order to maintain a pressure gradient into the barrier interior,

Effectiveness: Installation of a vertical barrier would effectively prevent the lateral
migration of LNAPL and NAPL-impacted groundwater, but would not directly prevent
the potential exposure of human receptors to NAPLs. The vertical barrier would also not
prevent the downward vertical migration of DNAPL to the bedrock aquifer.
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Implementability: Equipment and services for vertical barrier installation are available.
I towever, the depth to a confining horizontal barrier (generally 45 feet to the top of the
acial till) and the presence of various industrial buildings and an active railroad line

r lake installation difficult. Work performed off site would require access agreements and
lated approvals from local landowners.

('ost: Capital costs for installation of a temporary vertical barrier would be moderate,
ith low to moderate long-term maintenance costs.

('onclusion: Due to existing site development and the lack of vertical control,
stallation of a vertical barrier wall will not be considered as a potential remedial option.

3.3.3.5 Product Recovery: Horizontal/Vertical Recovery Wells and Pumps
I [orizontal and vertical recovery wells could be installed to enable the collection of
NAPLs from the subsurface using specialized skimmers, pumps, or other collection

vices installed in the completed wells. This could include the low-volume pumping
id reinjection of groundwater via a dual-well recovery system to enhance NAPL
reduction at the recovery well. Recovered NAPLs would be contained for treatment
id/or disposal at an appropriate off-site facility. Horizontal and vertical wells can also
e used as a reagent delivery system for an in-situ treatment process.

i ffectiveness: The effectiveness of recovery wells and collection devices is dependent
on the viscosity and solubility of the NAPLs, as well as other subsurface and aquifer
c laracteristics which determine the appropriate well spacing. Pumps with float switches
dssigned for NAPL recovery can be an effective means of removing NAPLs from the
ibsurface when NAPLs accumulate in the wells in sufficient quantities. Vertical

r :covery wells installed as part of the LNAPL removal action have been moderately
e ffective while using primarily passive recovery techniques. Subsequent treatment and
disposal would reduce potential risks to human receptors, and removal from the
s ibsurface would reduce the potential for cross-media effects.

nplementability: Vertical recovery wells and recovery pumps are readily installed.
I [orizontal wells are more difficult to install, but such services are available. Access
greements for adjacent properties may be required for the installation of additional
•covery wells.
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Cost: Capital costs for installation of vertical recovery wells and recovery pumps are
moderate, with significantly higher installation costs for horizontal wells. Once the wells
are installed, long-term maintenance costs for the wells and pumps would be moderate.
Pumping equipment typically recovers more water than other product recovery methods,
which may increase handling, treatment, and disposal costs substantially.

Conclusion: The installation of additional wells and recovery pumps for product
recovery or reagent delivery will be retained for further consideration in developing
remedial alternatives.

3.3.3.6 Product Recovery: Skimmers
Belt-type oil skimmers can be placed in vertical recovery wells to continuously extract product
from the subsurface. NAPL, but not water, adheres to the belt and is drawn to the surface
where the NAPL is scraped off the belt into a container, and the belt returns to the subsurface.

Effectiveness: A belt skimmer installed in Monitoring Well GM-4A during the LNAPL
removal action has proven to be moderately effective at withdrawing LNAPL from the
subsurface. Approximately 230 gallons of LNAPL have been recovered over a three-year
period using this method, with a recovery rate during the third quarter of 1999 of 11.8 gallons
per month. The effectiveness has been limited somewhat by the rate by which the LNAPL
flows to the recovery well. Skimming of DNAPL has not been performed at the site, but case
studies indicate that some DNAPLs, such as coal tars, are amenable to belt skimming.

Implementability: Equipment and services for the installation of belt skimmers are
readily available. Access agreements for adjacent properties may be required for the
installation of additional recovery wells.

Cost: Capital costs for installation and long-term operation and maintenance of belt
skimmers would be low to moderate. Belt skimmers are designed to minimize water
recovery, so handling, treatment, and disposal costs would be limited to the recovered
NAPLs.
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Conclusion: Based on the modest success of the existing belt skimmer at the site, the
stallation of additional belt skimmers for product recovery will be retained for further
nsideration in developing remedial alternatives.

fectiveness: Absorbent tubes have been placed in several wells to recover LNAPL as
F art of the LNAPL removal action. Approximately 97 gallons of LNAPL have been
covered over a three-year period using this method, with a current total recovery rate of
ic gallon per month. The effectiveness has been limited somewhat by the rate by which
e LNAPL flows to the recovery wells. Passive absorption of DNAPL has not been
rformed at the site to date.

3.3.3.7 Product Recovery: Passive Absorbents
lis option consists of the placement of tubes filled with absorbent material into vertical
covery wells. NAPLs pass through a hydrophobic screen in the tube and are absorbed
the material. Once the tubes are saturated with oil they must be properly disposed of
d replaced.

nplementability: Passive absorbent tubes are easily installed. Access agreements for
ijacent properties may be required for the installation of additional recovery wells.

ost: Capital costs for installation of absorbent tubes are low, with moderate long-term
sts based on labor and disposal requirements.

onclusion: Based on the modest success of the absorbent tubes at the site, this option for
roduct recovery will be retained for further consideration in developing remedial alternatives.

3.3.3.8 Product Recovery: Solvent Enhanced Recovery
his option consists of the injection of an appropriate solvent into the NAPL layers. The
Ivent mixes with the NAPL, reducing the NAPL viscosity and improving flow toward
covery wells. Recovery of the NAPL/solvent mixture for subsequent treatment and
sposal is typically performed using pumps or skimmers.

ffectiveness: Bench-scale laboratory tests indicate that isopropanol, a non-toxic solvent,
'fectively reduces the viscosity of the NAPLs found at the site by 73 to 88 percent.
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Reductions in concentrations of NAPL constituents in the tested soils ranged from 50 to
90 percent. It is expected that this option would improve the effectiveness of a selected
product recovery option.

Implementability: Equipment and services for implementing this process are readily
available. Access agreements for adjacent properties may be required for the installation
of injection and additional recovery wells.

Cost: Capital and long-term costs for implementation of solvent enhanced recovery
would be moderate to high, depending on if the solvent can be recovered and recycled,
rather than disposed of with the recovered NAPLs.

Conclusion: This option for enhanced product recovery will be retained for further
consideration in developing remedial alternatives.

3.3.3.9 Product Recovery: Thermally Enhanced Recovery
This option consists of installing single-phase electrodes in borings to electrically heat the
subsurface, targeting the depths where NAPLs are present. As the NAPLs are heated,
their viscosity and solubility improve, thereby increasing flow toward recovery wells.
Recovery of the NAPLs for subsequent treatment and disposal is typically performed
using pumps or skimmers.

Effectiveness: Bench-scale laboratory tests indicate that heating the NAPLs found at the
site to 100° Fahrenheit reduced NAPL viscosity by 54 to 67 percent. Further heating to
210° Fahrenheit reduced NAPL viscosity by 88 to 92 percent. It is expected that this
option would improve the effectiveness of a selected product recovery option.

Implementability: Equipment and services for implementing this process are readily
available. Access agreements for adjacent properties may be required for the installation
of electrode borings and additional recovery wells.

Cost: Capital and long-term costs for implementation of thermally enhanced recovery
would be high, due to electricity costs.
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Conclusion: This option for enhanced product recovery will be retained for further
consideration in developing remedial alternatives.

3.3.3.10 Product Recovery: Surfactant Flushing
lis option is similar to solvent enhanced recovery, and consists of the injection of an

appropriate surfactant into the NAPL layers. The surfactant attaches to and solubilizes
e NAPL in a microemulsion, improving subsequent recovery via pumping or skimming.
he surfactants are commonly injected with a cosolvent such as isopropyl alcohol to

farther improve NAPL recovery. Subsequent treatment and disposal of the recovered
NAPL/surfactant mixture would be required.

Effectiveness: Surfactant flushing was originally developed by the petroleum industry as
n oil recovery method, and pilot tests conducted at other sites indicate that this process is
potentially effective method for environmental product recovery as well. It is expected
at this option would improve the effectiveness of a selected product recovery option.

mplementability: Equipment and services for implementing this process are readily
vailable. Access agreements for adjacent properties may be required for the installation
' injection and additional recovery wells.

Cost: Capital and long-term costs for implementation of surfactant flushing would be
moderate to high, depending on if the surfactant can be recovered by microfiltration and
;cycled, rather than disposed of with the recovered NAPLs.

onclusion: This option for product recovery will be retained for further consideration
\ developing remedial alternatives.

3.3.3.11 Product Recovery: Groundwater Depression
ms option involves extraction of groundwater to lower the water table, potentially
nhancing LNAPL flow towards recovery wells or allowing the more efficient
erformance of a soil vapor extraction system. Extracted groundwater would require
roper treatment and disposal.

Effectiveness: Depressing the groundwater table is a potentially effective means of
nhancing recovery of LNAPL, but would not assist in the recovery of DNAPL.
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Implementability: Equipment and services for implementing this process, including
groundwater treatment services, are readily available. Access agreements for adjacent
properties may be required for the installation of additional recovery wells.

Cost: Capital costs for implementation of groundwater depression would be moderate,
while long-term operating costs would be moderate to high due to the need for
groundwater treatment.

Conclusion: Due to the large quantities of extracted groundwater requiring treatment and
because DNAPL would not be addressed, this option for enhanced product recovery will
not be retained for further consideration.

3.3.3.12 Disposal: Off-Site Disposal
This option consists of the transportation of recovered NAPLs to an appropriate off-site
facility for subsequent treatment and/or disposal. Based on the anticipated characteristics
of the recovered NAPLs, it is likely that off-site incineration would be required.

Effectiveness: Proper off-site treatment and disposal of recovered NAPLs at a licensed
facility is a highly effective means of disposal.

Implementability: Commercial transportation, treatment, and disposal facilities with
sufficient capacity are readily available.

Cost: Long-term costs for off-site disposal of recovered NAPLs would be high.

Conclusion: Off-site disposal of recovered NAPLs will be retained for further
consideration in developing remedial alternatives.

3.3.3.13 In-Situ Treatment: Chemical Oxidation
In-situ chemical oxidation involves the injection of a solution which will react with and
subsequently destroy the COPCs in the NAPLs within a relatively short time span. Most
commonly, this is performed using an oxidizing solution such as hydrogen peroxide with
ferrous iron (Fenton's reagent). The ultimate byproducts of this oxidation reaction are
carbon dioxide, water, and chloride ions.
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Effectiveness: Bench-scale laboratory tests indicate that chemical oxidation can
effectively reduce concentrations of chlorinated benzenes in site NAPL/soil mixtures.
The effective treatment of PCBs was related to soil grain size: PCBs were more readily
oxidized in coarser soils than in finer soils. Besides soil type, the effectiveness of this
cjjption would also be dependent on the ability to deliver the reactive solution throughout
tjhe areas containing NAPLs. Treatment using this method would effectively reduce the
potential for continued impacts to groundwater and human exposure to NAPLs.

Implementability: Equipment and services for implementing this process are available.
Access agreements for adjacent properties may be required for the installation of injection
wells.

Cost: Capital costs for implementation of in-situ chemical oxidation would be very high.
6nce treatment is complete, long-term costs would be low.

Conclusion: Based on current estimates of DNAPL mass in the subsurface, costs for
I j implementing chemical oxidation as a primary source destruction technique would be

prohibitive, and as such this approach will not be further considered. This technology
may be more appropriate in the future after other source removal techniques are
performed to reduce DNAPL mass.

3.3.3.14 In-Situ Treatment: Enhanced Biodegradation
Ijn-situ enhanced biodegradation involves the injection of a substrate containing
specialized microbes which will degrade the COPCs in the NAPLs in a relatively short
period of time. The ultimate byproducts of this degradation are carbon dioxide and water.

Effectiveness: Bench-scale laboratory tests indicate that certain microorganisms can
effectively reduce concentrations of chlorinated benzenes in site NAPLs, once the NAPLs
are completely homogenized with groundwater in the aquifer. Biodegradation is likely to
have little impact on undiluted NAPLs. Successful treatment using this method would
effectively reduce the potential for continued impacts to groundwater and human
exposure to NAPLs. ;
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Implementability: Equipment and services to perform this process are available. The
success of this treatment method is dependent on the ability to recover DNAPLs from the
bottom of the aquifer and get them to mix homogenously with groundwater and LNAPL
in the aquifer. Access agreements for adjacent properties may be required for the
installation of injection and recovery wells.

Cost: Capital costs for implementation of in-situ biodegradation would be very high. As
this is a relatively short-duration treatment process, long-term costs would be low.

Conclusion: This option for in-situ treatment will be retained for further consideration in
developing remedial alternatives.

3.3 J. 15 Ex-Situ Treatment: Incineration
Incineration involves the high temperature ex-situ burning of media containing COPCs,
and can be performed at a permitted off-site commercial incinerator or at a temporary
incinerator placed on site. Incineration permanently destroys the COPCs,

Effectiveness: Incineration has been demonstrated to be effective and is a TSCA-
approved method for treating liquids containing high concentrations of PCBs, which are
the primary COPCs in site NAPLs. Removal from the subsurface and subsequent
incineration would effectively reduce continuing impacts to groundwater and potential
risks to human receptors.

Implementability: Commercial incinerators licensed to handle-media such as the NAPLs
at the Sharon site are available.

Cost: Capital costs for off-site incineration of recovered NAPLs would be very high.
The anticipated volume and rate of NAPL recovery would probably not be sufficient to
justify the construction of a temporary on-site incinerator.

Conclusion: For liquids containing PCBs at concentrations exceeding 500 ppm (such as
the NAPLs at the Sharon site), incineration is the primary treatment method prescribed by
TSCA. Off-site incineration will be retained for further consideration in developing
remedial alternatives.



4.0 DEVELOPMENT OF ALTERNATIVES

Ii this section, remedial alternatives for Shenango River sediments, alluvial groundwater,
and NAPLs at the site are formed to address the remedial response objectives. The
technologies and process options retained in the screening procedures described in
Section 3.0 are developed into medium-specific remedial alternatives. These assembled
alternatives are then subjected to further screening in Section 5.0. Consideration of the
no-action alternative is required by the NCP.

4.1 SHENANGO RIVER SEDIMENTS
As discussed in Section 3.3.1, the remaining technologies and process options for
Shenango River sediments and associated riparian soils include:

i • • ' •
, GENERAL RESPONSE ACTION PROCESS OPTION

No Action No Actioni
Limited Action Site Monitoring

mstitutional Controls

1 Natural Recovery Natural Attenuation
1 Resedimentation

! Containment Cover
Temporary Vertical Barriers

i
Removal and Disposal Conventional Excavation

Dredging
Off-Site Disposal

Based on the remaining technologies and process options, there are two primary decisions
t̂ > be made for Shenango River sediments and riparian soils: whether or not to take
attion; and if action occurs, whether to cover the sediments in place or to excavate for
off-site disposal. Secondary decisions must also be made regarding the specific methods
to be employed if an active remedy is selected. These choices are considered in

AR302580



developing the alternatives and are based on the magnitude of GOPC concentrations
above ecological screening levels, the quantity of affected material, and the potential for
impacts to human receptors caused by resuspension of sediments.

In the development of alternatives for sediments and riparian soils in and along the
Shenango River, the volume of affected material was estimated based on a review of
sediment and soil extent and quality, as well as potentially relevant screening criteria and
cleanup levels established in RODs for similar scenarios at other sites.

For the purposes of developing estimates for this FS, a cleanup goal for Shenango River
sediments of 1 ppm total PCBs was utilized. This cleanup goal is consistent with
sediment cleanup goals established in RODs issued by USEPA for other sites in
Region 3, including the Paoli Rail Yard site (ROD ID# R03-92/151) and the Metal Banks
site (ROD ID# R-98/012). The lateral extent of sediments to be addressed was
determined based on a review of the available sediment extent and quality. Because the
95 percent upper confidence limit (UCL) for shallow sediment samples collected in Areas
12 and 13 was 0.90 and 0.44 mg/kg, respectively, only Areas 14 and 15 are considered in
the evaluation of remedial alternatives. It is also noted that, based on grain-size analyses,
the majority of the sediments in Areas 12 and 13 contain less than 20 percent fine-grained
materials, making these sediments less likely to cause ecological impacts relative to the
silt-rich sedimentary deposits found in portions of Area 14.

The successful capping or removal of sediments to this cleanup goal would result in a
maximum EEQ of 20 for PCBs in the remaining exposed sediments in Areas 14 and 15
(based on maximum sample results rather than 95 percent UCLs). Based on available
sediment quality data, capping or removing these sediments would also reduce the
maximum EEQs in the remaining exposed sediments to 13.9 for lead and 13.2 for zinc
(single sample results). Maximum EEQs for other COPCs in remaining exposed
sediment would be less than ten.

For riparian surface soils which are under water only during periods of high river flow, a
cleanup goal of 10 mg/kg total PCBs was assumed. This level is consistent with the non-
residential riparian soil cleanup level established in an October 1999 agreement between
USEPA and General Electric for the Housatonic River Site in Massachusetts, which was
deemed to be protective of human recreational users and biological receptors.
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Sediments within the storm sewers leading from the site to the river were assumed to be
subject to the same cleanup goals as the Shenango River sediments. The actual presence
and current quality of such sediments is uncertain, and the total volume of such sediments
requiring removal would be expected to be minimal.

i •
Actual cleanup levels prescribed by the ROD for sediments and related soils at this site
may be based on ecological risk-based concentrations; regulations provided under TSCA,
ĉt 2 or other ARARs; or as otherwise determined during the remedy selection process.
Other factors which may be considered in developing final cleanup levels include total
organic carbon content and grain-size distribution. Actual quantities and extents of
affected sediments handled during remedial activities may differ, depending on current
conditions and the target cleanup concentrations. Sampling and analysis for specific
COPCs during remedial design and/or remedial action may be used to more adequately
define quantities and plan remediation.

An extremely important consideration regarding the safety and practicability of any
I ; alternative that involves disturbance of existing conditions is the effect on the water supply

intake for the Shenango Valley Water Authority. The RI concluded that neither the river
Water nor the sediments constituted a risk to human health outside of the target range.
Sediments are being assessed due to the findings of the screening level ERA, not the HHRA,
with additional potential concerns including human consumption of fish and swimmers at the
immediate vicinity of the Clark Street outfall. However, it is clear that disturbance of
sediments near and upstream from the water intake will increase human health risks on a
temporary basis any time the intake is in operation. Additionally, any disturbance of
impacted sediment may temporarily result in increased ecological exposure as well.

i . . . . . .
4.1.1 Shenango River Sediment Alternative 1 - No Action
Under this alternative, no action would be taken to reduce the potential for effects to
ecological receptors caused by COPCs in Shenango River sediments, riparian soils, and
storm sewer sediments. This alternative is retained for comparison with the other
alternatives as required by the NCP.
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4.1.2 Shenango River Sediment Alternative 2 - Limited Action/Natural Recovery
This alternative would include maintaining the existing fish consumption advisories for
the Shenango River, until such time that it is determined that consumption of fish no
longer poses an unacceptable health risk. A second component of this alternative would
be the natural resedimentation of the river. Over time, new sediments may be deposited
on top of the existing sediments, thereby providing a natural barrier between the impacted
sediments and ecological receptors. Additionally, natural attenuation processes may
gradually reduce COPC concentrations to levels which pose less risk to ecological
receptors.

An essential component of this alternative is routine monitoring of COPC concentrations
in both sediment and fish tissue in order to evaluate the effectiveness of the alternative.
For the purposes of this FS, it is assumed that biennial (i.e., every two years) sampling of
sediment and fish would be appropriate.

4.1.3 Shenango River Sediment Alternative 3 - Cover
For this alternative, portions of the Shenango River where sediments and riparian soils
exceed the cleanup goals would be covered by a minimum of 12 inches of clean granular
fill or other suitable material, in order to limit the bioavailability of impacted sediments.
The cover would be designed appropriately to minimize the potential for erosion and
scouring of the riverbed. Routine monitoring would be performed to inspect the cover for
signs of erosion. Existing fish consumption advisories would be maintained until it was
determined through routine biennial fish tissue sampling that consumption offish no
longer posed an unacceptable health risk.

Additional inspection of the storm sewers leading from the site to the river would also be
performed as part of this alternative. If significant quantities of sediment are found in the
storm sewers at COPC concentrations which exceed determined cleanup goals, the
sediments would be removed and disposed of at an appropriate off-site facility.
Monitoring of the surface water intake would be performed during construction, and if
determined to be appropriate, withdrawal of water may be limited to non-construction
hours as a precautionary measure.
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4.1.4 Shenango River Sediment Alternative 4 - Excavate and Treat/Dispose Off Site
Under this alternative, the Shenango River sediments and soils which contain COPCs
which exceed the cleanup goals would be excavated and transported to a permitted off-
site facility for subsequent treatment and/or disposal. Prior to excavation, temporary
barriers such as sheet piling or cofferdams would be installed to isolate the areas being
excavated, thereby reducing the potential for impacted sediment to be reintroduced into
surface water. The area inside the barriers would be dewatered in order to reduce the
water content of excavated material. Additionally, discharge from the Clark Street storm
S'jwer (at least 50 gpm during dry weather) would be temporarily rerouted around the
adjacent work area.

1 wo excavation scenarios have been developed for consideration. Under Alternative 4A,
sediments and riparian soils exceeding the established cleanup goals would be excavated
to a maximum depth of twelve inches. For Alternative 4B, sediments and riparian soils
exceeding the cleanup goals would be excavated to a maximum depth of four feet.

Under both excavation scenarios, the excavated areas would be backfilled with clean fill,
as appropriate for erosion and scour control, to reestablish the pre-excavation channel
profile such that existing flow and deposition patterns are not changed. Routine
monitoring would be performed to inspect the cover for signs of erosion.

1
At Area 15 (Clark Street), conventional excavating equipment, such as a small track-
mounted excavator, would be used to excavate sediments and riparian soils. Some
c [earing of vegetation adjacent to the Clark Street Bridge would be necessary to allow
equipment access to the river. Excavated material would be decanted and stabilized as
needed to eliminate free liquids, and then transferred to trucks for hauling to an
appropriate disposal facility. Based on available sample data, it is likely that material
excavated from Area 15 will be neither a TSCA-regulated waste nor a RCRA hazardous
waste. It is estimated that 400 cubic yards of sediment and 100 cubic yards of soil would
be excavated from this area under Alternative 4A, and 1200 cubic yards of sediment and
300 cubic yards of soil would be excavated under Alternative 4B.

At Area 14 (adjacent to the water company intake), the depth of the river and steep banks,
particularly along the eastern bank of the river, would make it necessary to use a
clamshell dredge to remove impacted sediment. Some clearing of vegetation along the
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east bank of the river (Sharon Tube Company property) would be necessary to allow
equipment access to the river. Excavation areas along the west bank of the river would be
accessed from the water company property. Excavated material would be decanted and
stabilized as needed to eliminate free liquids, and then transferred to trucks for hauling to
an appropriate disposal facility. Based on available sample data, it is likely that except
for one small area where sediments contain greater than 50 mg/kg total PCBs, the
material excavated from Area 14 will be neither a TSCA-regulated waste nor a RCRA
hazardous waste. It is estimated that 725 cubic yards of sediment would be excavated
from this area under Alternative 4A, and 2,900 cubic yards under Alternative 4B.

Monitoring of the water company intake would be performed during construction
activities, and if determined to be appropriate, withdrawal of water may be limited to
non-construction hours as a precautionary measure. Liquids decanted from the excavated
material would be subject to treatment prior to discharge to the river.

Additional inspection of the storm sewers leading from the site to the river would also be
performed as part of this alternative. If significant quantities of sediment are found in the
storm sewers at COPC concentrations which exceed determined cleanup goals, the
sediments would be removed and disposed of at an appropriate off-site facility. Existing
fish consumption advisories would be maintained until it was determined through routine
biennial fish tissue sampling that consumption of fish no longer posed an unacceptable
health risk.

4.2 GROUNDWATER AND NAPLs
As discussed in Section 3.3.2, the remaining technologies and process options for alluvial
groundwater at the site include:

GENERAL RESPONSE ACTION PROCESS OPTION
No Action No Action

Limited Action Site Monitoring
Institutional Controls
Monitored Natural Attenuation
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GENERAL RESPONSE ACTION PROCESS OPTION
Recovery and Disposal Extraction

Discharge to River

Ex-Situ Treatment Carbon Adsorption
Chemical Oxidation/UV Catalyst
Solids Filtration
Ion Exchange

In-Situ Treatment Enhanced Biodegradation
Chemical Oxidation

For site NAPLs (Section 3.3.3), the remaining technologies and process options include:

GENERAL RESPONSE ACTION PROCESS OPTION
No Action No Action

Limited Action \ Site Monitoring
Institutional Controls

Product Recovery Extraction by Pumping
1 Product Skimmers

Passive Absorbents
Solvent or Thermally Enhanced

' Recovery
Surfactant Flushing

Ex-Situ Treatment/Disposal Off-Site Incineration/Disposal

In-Situ Treatment v Enhanced Biodegradation

Because of the intimate relationship between NAPL presence and groundwater quality,
potential remedial alternatives for these two media will be evaluated concurrently
throughout the remainder of the FS.

i
Based on the remaining technologies and process options, there are four primary
decisions to be made for NAPLs and groundwater at the site: whether or not to take
action; if action occurs, whether to pursue limited, passive remedies or active remedies; if

. active remedies are to be pursued, whether to address NAPLs only or both NAPLs and
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groundwater; and whether an active remedy, if selected, will involve in-situ or ex-situ
treatment and/or disposal of the NAPLs and groundwater. Secondary decisions must also
be made regarding the specific types of limited actions and treatment/disposal methods.
Where multiple process options are available within a class of response actions (such as
ex-situ treatment) and the options are expected to have similar effectiveness and
protectiveness, the more common and/or less costly method was selected for inclusion as
part of a remedial alternative. Should such an alternative be selected for the site remedy,
site-specific pilot studies may be appropriate to determine the most cost-effective process
option. These choices are considered in developing the alternatives and are based on the
magnitude of COPC concentrations above human health-based and ARAR-based cleanup
levels, the quantity of affected material, and the potential for additional aquifer degradation.

In the development of the alternatives for groundwater, hydraulic responses and well
yields estimated from monitoring well installation records and the known extent of
COPCs were evaluated to develop estimated configurations and numbers of extraction
and/or injection wells that would meet remedial objectives. The accuracy of these
estimates is considered to be sufficient for preparation of the FS. However, additional
predesign investigation activities, including aquifer testing for example, may be
appropriate should an active remediation method be implemented in the future. This
process may be iterative with performance monitoring and possible modification in order
to achieve the intended performance of such a remedial action.

As discussed in Section 2.2.2, three distinct plumes of COPCs have been detected in the
alluvial aquifer, covering two portions of the site. South Sector and Middle Sector
groundwater was designated as distinct areas in the HHRA based on the known extent of
COPCs in each area. Because the specific COPCs and relative concentrations vary
somewhat between the two areas, and because of the presence of NAPLs in the Middle
Sector, it is possible that a different remedy may be selected for each area. As such, the
evaluation of each potential remedy will consider each area individually, where
appropriate, including cost considerations.

Another significant consideration in developing remedial alternatives is the presence of
NAPLs in the Middle Sector. Because of the presence of NAPLs in the alluvial aquifer, it
is likely that an active remedy which addresses only groundwater without removing or
otherwise reducing the impact of NAPLs on groundwater will not result in an
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i nprovement of aquifer quality. In fact, a recent USEPA document (see Appendix A)
c escribes the migration of hazardous wastes in the subsurface, particularly as related to
t ic presence of NAPLs (USEPA, 1999). As failure to recognize and address NAPL
i jsues is a common reason for failure of groundwater remedies, this document suggests a
t iree-phased approach for the remediation of NAPL sites. The first phase consists of
c irect pumping of significant accumulations of NAPLs, followed by a second phase of
enhanced recovery of residual NAPLs. The concluding phase of this suggested approach
is the remediation of the remaining aqueous-phase contamination, possibly including in-
situ treatment, pump and treat, or monitored natural attenuation. Since over 99 percent of
the COPC mass in the alluvial aquifer at the site is contained in the NAPLs, this
suggested three-phased approach has been incorporated into the development of remedial
a ternatives for alluvial groundwater and NAPLs. It is expected that any NAPL remedy
will leave some product in the subsurface due to contaminant distribution, geologic
heterogeneities, and technological limitations.

Ii: is noted that certain limited action remedies were considered alone as a potential
alternative, as well as being retained as a component of other alternatives. In general,
c eed or groundwater use restrictions and continued groundwater monitoring are included
in each alternative that involves NAPL and/or groundwater treatment, even though they
are not specifically called out in the name of the alternative.

(.2.1 Alluvial Groundwater/NAPL Alternative 1 - No Action
lender this alternative, no action would be taken to reduce the potential for unacceptable
exposures of humans to impacted groundwater or minimize further aquifer degradation. This
alternative is retained for comparison with the other alternatives as required by the NCP.

4.2.2 Alluvial Groundwater/NAPL Alternative 2 - Institutional Controls with
; Monitored Natural Attenuation
Alternative 2 includes deed restrictions for properties under the administrative control of
CBS, institution of a municipal groundwater use restriction zone, and continued
monitoring of groundwater in support of demonstrating the occurrence of natural
attenuation.

For affected properties currently controlled by CBS, restrictions would be incorporated
L ; into the property deed which would limit future uses of groundwater on the property. For

R22/m 4-9 ^ ̂  P- «nRR302588



properties not controlled by CBS, these restrictions could be implemented in the form of ^-X
a municipal ordinance which prohibits the installation and use of a groundwater supply
well in a designated portion of the community for specific uses. These restrictions would
remain in place until monitoring results indicated that groundwater use in the area no
longer posed an unacceptable risk to humans and the environment. A copy of a similar
ordinance enacted by the Borough of Tamaqua, Pennsylvania on May 19, 1999 is
included in Appendix B, Specific conditions of the ordinance would have to be carefully
evaluated to ensure the protectiveness of the alternative.

The third component of this alternative is the natural degradation of COPCs in the aquifer
by natural biological, chemical, and/or physical processes. Occasional groundwater
monitoring would be performed to demonstrate that these natural processes are occurring,
and that the selected remedy continues to be protective of human health and the
environment. As part of the monitoring program, the installation of additional
groundwater monitoring wells may be appropriate. Further assessment of groundwater
quality in the bedrock aquifer would also be included in this alternation.

4.2.3 Alluvial Groundwater/NAPL Alternative 3 - NAPL Source Removal with v J
Monitored Natural Attenuation for Groundwater

Alternative 3 includes the limited action components of Alternative 2 (institutional
controls and monitored natural attenuation). In addition, one of several options would be
employed for eliminating or reducing the extent of subsurface NAPLs, which are the
primary source of COPCs in groundwater. NAPLs would either be removed from the
subsurface for subsequent treatment and disposal or treated in situ. After source removal
methods are completed to the extent practicable, residual COPCs in alluvial groundwater
would be allowed to attenuate naturally. Additional assessment of bedrock groundwater
quality would also be performed.

The primary focus of the NAPL source removal would be the vicinity of the former tank
farm, where both LNAPLs and DNAPLs have been observed in monitoring wells
(Figures 1-3 and 1-4).

LNAPL treatment/removal activities would mainly be located within the former tank
farm area and immediately west thereof, onto the railroad property and a small portion of
the Armco property near the MW-14 well cluster. Additional LNAPL removal activities y
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may also be performed in two other relatively small areas (at Monitoring Wells S-4 and
M-2). Based on available NAPL measurement data, the estimated volume of LNAPL in
t ic subsurface is approximately 60,000 gallons.

DNAPL treatment/removal activities would extend from the northern end of the former
tank farm area to approximately the southern limits of the Middle Sector, and would
include areas inside the former Westinghouse facility, the railroad property, and the
southwest corner of the AK Steel property. Based on available NAPL measurement data,
the estimated volume of DNAPL in the subsurface is approximately 600,000 to
1.2 million gallons.

For Alternative 3A (enhanced recovery), NAPLs would be recovered from the subsurface
using one or more of several methods, with subsequent containerization and
transportation to an appropriate off-site facility for treatment by incineration or other
appropriate method. NAPL recovery from existing and newly installed recovery wells
would be achieved by using specially designed low-volume product recovery pumps, or
where recovery yields in the wells are insufficient for pumping, by using absorbent tubes
such as those presently being used for the LNAPL removal action. Pilot tests would be
performed initially to estimate well yields and evaluate direct pumping options. One
option which may be evaluated would include a dual-well recovery system, where in
addition to pumping DNAPL from the bottom of the well, groundwater would also be
pumped from the well and reinjected into the aquifer, creating a mild gradient to the well
which may enhance NAPL flow toward the well. Alternative 3A1 represents the first
phase of a recovery remedy, with no enhancements being performed to improve NAPL
recovery rates.

As the recovery rate of NAPLs via direct pumping declines, NAPL recovery may be
enhanced by the injection of surfactants, isopropanol, or other appropriate solvent directly
into the NAPLs, thereby reducing NAPL viscosity and improving the flow of the NAPLs
toward the recovery wells (Alternative 3A2). NAPL recovery may also be enhanced
through the use of electrical heating, where electrode borings are advanced to the target
zones, and then a current is applied to heat the soil and NAPLs such that NAPL viscosity
is. reduced. On-site pilot testing would be performed to determine the most appropriate
enhancement and recovery methods, as well as to determine the proper spacing for

V_x injection/recovery wells and/or electrode borings.
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For Alternative 3B (in-situ biodegradation), NAPLs would be destroyed within the
confines of the aquifer through the injection of a solution containing specialized microbes
and nutrients which degrade the NAPL components, ultimately producing carbon dioxide
and water. Because lab treatability testing indicates the microbes are not capable of
degrading the undiluted NAPLs as found at the site, it would be necessary to create a
homogenous mixture of NAPL and groundwater within the aquifer. This would be
accomplished by collecting DNAPL at the bottom of the aquifer and pumping it to the top
of the aquifer, allowing the DNAPL to filter back down through and mix with the aquifer,
ultimately creating a homogenous mixture into which the microbes would be injected.
On-site pilot testing would be performed to determine the most appropriate recovery
methods and injection ratios, as well as to determine the proper spacing for collection and
injection wells. It should be noted that by virtue of the aquifer mixing being performed,
this process may also treat COPCs in groundwater within the NAPL area.

The preliminary objective of the NAPL removal or treatment process would be to reduce
the volume of NAPLs which accumulate in the collection and monitoring wells to
immeasurable levels. This objective may be refined based on the demonstrated
performance of the remedy, the feasibility of achieving the objective, and the current state
of technology. It is unlikely that any remedy could remove or destroy all NAPLs in the
subsurface. Experience suggests that the maximum amount of NAPL which can be
effectively removed from the subsurface, as required by either of these alternatives, is
approximately 30 to 50 percent.

4.2.4 Alluvial Groundwater/NAPL Alternative 4 - NAPL Source Removal with
Groundwater Extraction, Treatment and Discharge

Alternative 4 includes the (institutional controls, groundwater monitoring, and
removal/treatment of subsurface NAPLs, as described for Alternative 3A. Either
concurrently with or after the completion of source removal activities, impacted
groundwater in non-NAPL portions of the South and/or Middle Sectors would be
extracted, treated on site, and discharged to the Shenango River via an existing storm
sewer under the requirements of an NPDES permit. Further assessment of the bedrock
aquifer would be included in this alternative.
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It is assumed for the purposes of this FS that because this alternative involves extraction
and subsequent treatment of groundwater, the NAPL treatment/removal option selected
would also involve extraction, as described for Alternative 3A. If deemed more
appropriate, the NAPLs could be treated in situ, as described in Alternative 3B.

The lateral extent of the areas subject to groundwater extraction and treatment will be
dependent on the cleanup goals determined for the aquifer. An additional factor is
whether the remedial action would entail a "hot-spot" treatment where only the portions
bf the aquifer with the highest concentrations are treated and monitored natural
attenuation is implemented for the remainder of the impacted aquifer, or if the selected
remedy includes all portions of the aquifer where COPC concentrations exceed the
applicable cleanup goal. For the purposes of this FS, extraction of groundwater would be
limited to the portions of each of the three groundwater plumes with the highest COPC
concentrations, with monitored natural attenuation implemented for the remaining
Impacted portions of the aquifer. The extent of the alluvial aquifer to be subject to
extraction and treatment is initially assumed to extend roughly between Monitoring Wells
M-I7 and 05-1 A, an area of approximately seven acres. Groundwater extraction and

I j treatment for full aquifer restoration will not be considered, as this would involve
extraction of very large volumes of water with relatively low concentrations of COPCs
over a wide-spread area. Thus, the extraction and treatment of this additional
groundwater would be extremely inefficient relative to the additional COPC mass treated,
particularly in light of the institutional controls which are also part of this remedy.

Groundwater would be extracted from the alluvial aquifer via a series of 26 extraction
wells generally placed along the railroad property approximately from the northern end of
ihe former tank farm to the southern end of the former Y-Building. These wells would be
located within or immediately downgradient of the portions of the aquifer with the
highest COPC concentrations. Fourteen extraction wells would be installed at the South
Sector, with average recovery rates of three gpm. Fourteen extraction wells would also
be installed at the Middle Sector, with average recovery rates of seven gpm. For the
Purposes of this FS, it is assumed that groundwater would be pumped from the extraction
wells to a single treatment facility located at the former tank farm area or a fenced-in area
adjacent to Clark Street. Depending on the required scope of the extraction system,
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current aquifer conditions, and other design and administrative concerns, it may be more
appropriate and/or cost-effective to install separate extraction and treatment systems for
the South and Middle Sectors if pump and treat is the selected remedy for both areas.

The extracted groundwater would be treated by a series of processes to address the
COPCs as well as any other constituents which may require treatment to meet the limits
of an NPDES permit. For the purposes of this FS, the assumed treatment system would,
at a minimum, include oil/water separation, pre- and post-treatment solids filtration, and
aqueous-phase carbon adsorption. Additional treatment of inorganics by ion-exchange
may also be necessary, depending on influent characteristics and the requirements of the
NPDES permit. Alternatively, treatment for organics could be accomplished using
chemical oxidation with UV catalyst in place of carbon. For the assumed influent
concentrations and flow rates (140 gpm), the carbon adsorption system would include two
10,000 pound carbon vessels (8-foot diameter by 13 feet tall) operating in series.
Treatment system effluent would be discharged to the Shenango River via the Clark
Street storm sewer under the requirements of an NPDES permit. If feasible and
appropriate a portion of the effluent could be reinjected into the subsurface to assist in
flushing COPCs from the aquifer. Oil which is separated from the groundwater would be
containerized and transported to an off-site facility for subsequent treatment by
incineration or other appropriate method.

4.2.5 Alluvial Groundwater/NAPL Alternative 5 - NAPL Source Removal with
In-Situ Groundwater Treatment

Alternative 5 includes the institutional controls, groundwater monitoring, and insitu
treatment of subsurface NAPLs, as described for Alternative 3B. Either concurrently or
after the completion of source removal activities, impacted groundwater in non-NAPL
portions of the South and/or Middle Sectors would also be subject to in-situ treatment.
Additionally, current groundwater quality in the bedrock aquifer would be further
assessed.

The lateral extent of the areas subject to in-situ treatment will be dependent on the
cleanup goals determined for the aquifer. For the purposes of this FS, the extent of
alluvial groundwater subject to in-situ treatment would be the same as that described in
Section 4.2.4 for alternative 4.
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] t is assumed for purposes of this FS that because this alternative involves in-situ
treatment of groundwater, the NAPL treatment/removal option selected would also be an
in-situ method, as described for Alternative 3B. If deemed more appropriate, the NAPLs
could be removed from the subsurface for subsequent incineration, as described in
Alternative 3A.

In-situ groundwater treatment for "hot spot" treatment, as described above, will be
evaluated as part of this alternative with monitored natural attenuation for the other
impacted portions of the aquifer. In-situ treatment for full aquifer restoration will not be
considered, as this would involve treatment over a wide-spread area. The in-situ
treatment of these relatively low concentrations of COPCs away from the "hot spot" areas
would be extremely inefficient when comparing the effort involved relative to the COPC
mass destroyed, particularly in light of the institutional controls which are also part of this
itemedy.

Ifor Alternative 5, treatment of COPCs in groundwater will be accomplished by in-situ
enhanced biodegradation using hydrogen release or oxygen release compounds, which are

^ J injected into the subsurface to enhance the natural degradation of the COPCs. This
process would be similar to the process used for in-situ biodegradation of NAPLs, as
described for Alternative 3B. On-site pilot testing would be performed to determine the
most appropriate recovery methods and injection ratios, as well as the proper spacing for
injection wells. Alternatively, in-situ chemical oxidation could be used to address
residual aqueous-phase COPCs.

NO active remediation would be performed for impacted portions of the aquifer beyond
the "hot-spot" treatment areas. Monitoring of these areas, in addition to the treated areas,
would continue in order to demonstrate the occurrence of natural attenuation to address
residual COPC concentrations.
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5.0 DETAILED ANALYSIS OF ALTERNATIVES

5.1 CRITERIA USED FOR EVALUATION
In this section, the alternatives developed in Section 4.0 for Shenango River sediments
and alluvial groundwater/NAPLs at the site are described and evaluated in detail. The
detailed analysis of alternatives provides information to aid in the comparison among
alternatives and the selection of the final recommended alternative. This analysis is
performed in accordance with the USEPA RI/FS Guidance Document (USEPA, 1988)
and the NCP, as revised by 55 Federal Register 8813 (March 8, 1990). In conformance
with the NCP, the following nine criteria are used in the final analysis:

• Overall protection of human health and the environment;
• Compliance with ARARs;
• Long-term effectiveness and permanence;

I • Reduction of mobility, toxicity, or volume by treatment;
• Short-term effectiveness;

' • Implementability;
i • Cost;
i • State acceptance; and

• Community acceptance.

These criteria are described below, before performing the detailed analysis.

5.1.1 Overall Protection of Human Health and the Environment
The primary requirement that CERCLA remedial actions must meet is protectiveness. A
remedy is protective if it adequately eliminates, reduces, or controls current and potential
risks posed by each exposure pathway for COPC at the site. For those sites where
Hazardous substances remain such that unrestricted use and unlimited exposure is not
allowable, engineering controls, institutional controls, or some combination of the two
must be implemented to control exposure and thereby provide reliable protection over
time. In addition, implementation of a remedy cannot result in unacceptable short-term
risks to, or cross-media effects on, hunian health and the environment.
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5.1.2 Compliance with ARARs
Evaluation of compliance with ARARs is one of the statutory requirements for remedy
selection. Alternatives are developed and refined throughout the CERCLA process to
verify that they will either meet their respective ARARs or that there is rationale for
waiving an ARAR. During the detailed analysis, information on action-specific ARARs
will be assembled along with previously identified chemical-specific and
location-specific ARARs. Alternatives will be refined to verify compliance with these
requirements or to begin to identify waivers that might be invoked. Tables 5-1 and 5-2
identify potential ARARs for each of the sediment and groundwater/NAPL alternatives,
respectively.

5.1.3 Long-Term Effectiveness and Permanence
This criterion reflects CERCLA's emphasis on implementing remedies that will provide
protection of human health and the environment in the future, as well as in the near term.
In evaluating alternatives for their long-term effectiveness and the degree of permanence
they afford, the analysis should focus on the residual risks that will remain at the site after
the completion of the remedial action. This analysis should include consideration of the
following:

• The degree of threat posed by COPC remaining at the site;

• The adequacy of any controls (e.g., engineering and institutional) used
to manage the COPC remaining at the site;

• The reliability of the controls; and

• The potential impacts on human health and the environment should the
remedy fail, based on the assumptions included in the reasonable
maximum exposure scenario in the risk assessment.

This evaluation criterion incorporates the statutory requirements to take into account the
following:

• Uncertainties associated with land disposal;

* Goals, objectives, and requirements of CERCLA and RCRA;
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• Persistence, toxicity, mobility, and propensity for bioaccumulation of
the COPC and their constituents;

• Long-term potential for adverse human health effects from exposure;

• Potential for future remedial action costs, if the remedy were to fail;
and

• Potential threat to human health and the environment associated with
redisposal or containment of the COPC.

i
5.1.4 Reduction of Mobility, Toxicity, or Volume
This evaluation criterion addresses the statutory preference for remedial actions which
ejmploy treatment technologies that significantly and permanently reduce the mobility,
toxicity, or volume of the hazardous substances (USEPA, 1988). Factors to be
considered may include the nature of the treatment and the materials that it can effectively
treat; the amount of hazardous substances to be treated; the degree of respective reduction
in toxicity, mobility, or volume; the degree of irreversibility; the type and quantity of
residuals which will remain after treatment; the degree to which the quantity of residuals

i , remain after treatment; and the degree to which the treatment reduces the hazards posed
by principal threats at the site.

For this FS, reduction of mobility, toxicity, and volume refers to the affected medium
Overall, not merely with respect to the site. For example, if the impacted sediments were
removed from the Shenango River and placed elsewhere, this could represent a reduction
in volume and toxicity with regard to the river, but would not result in any change in
toxicity or volume of the COPC in the medium. Thus, excavation does not in itself
constitute a form of treatment.

A reduction in volume would result from treating the affected media such that a portion
pf the media is no longer above cleanup levels. A reduction in toxicity would result from
a treatment which would result in a physical/chemical reaction to a COPC whereby the
resultant product(s) of that reaction is less toxic than the original COPC. A reduction in
mobility would result from a treatment of engineering control which would result in a
physical or chemical change to the COPC to make it less mobile.
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5.1.5 Short-Term Effectiveness
This criterion includes the short-term impacts of the alternatives (i.e., impacts of the
implementation) on the neighboring community, remedial construction workers, and the
surrounding environment. These include potential threats to human health and the
environment associated with collection, handling, treatment, and transport of hazardous
substances due to implementation of the remedy. The potential cross-media effects of the
remedy and the time to achieve protection of human health and the environment are also
assessed.

5.1.6 Implementability
Considerations with respect to the ability to implement the remedy include the technical
and administrative feasibility of the alternatives, as well as the availability of the goods or
services (e.g., treatment, storage, or disposal capacity) on which the viability of the
alternative depends. Implementability considerations often affect the timing of various
remedial alternatives (e.g., limitations on the season in which the remedy can be
implemented, the number and complexity of material handling steps that must be
followed, the need to obtain access and permits, and the need to secure technical
services).

5.1.7 Cost
Cost encompasses the capital, construction, and operation and maintenance costs,
including long-term monitoring costs, incurred over the life of the project (assumed to be
30 years), expressed as the net present value of these costs. A discount rate of 5 percent
is used for costs incurred in the future. The feasibility study attempts to evaluate costs to
within +50 percent and -30 percent of the actual costs (USEPA, 1988).

Direct capital costs include:

• Cost of materials, labor (including fringe benefits and workers'
compensation), and equipment required to install the alternative;

• Short-term costs for treatment, containment, disposal, and/or service
equipment necessary to implement the alternative;

• Site development costs; and
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• Building and costs such as permanent process and non-process
buildings and utility connections.

Indirect capital costs include:

• Costs for administration related to implementation of the alternative,
including procurement of contractors;

• Costs for predesign work such as treatability studies and subsurface
field investigations;

• Costs for design work and construction monitoring;

• Administrative and technical costs necessary to obtain licenses and
permits for installation and operation;

• Startup and shakedown costs for collection, treatment, and disposal
processes included in the alternative;

1 • Construction and engineering overhead and profit, and

• Contingency allowances which attempt to cover costs resulting from
unforeseen circumstances such as adverse weather conditions, strikes,
and inadequate facility characterization.

Operation and maintenance costs are post-construction costs necessary for the continued
Effectiveness of an alternative. Operation and maintenance costs can include:

! • Operating labor costs (including wages, salaries, training, overhead,
! and fringe benefits); ;i
i • -

• Maintenance materials and labor costs required for routine
i maintenance of facilities and equipment;

• Costs for auxiliary materials and energy such as chemicals and
electricity for treatment plant operation;

• Costs for purchased services such as sampling and analysis;

| • Disposal and treatment costs for waste materials generated during
i operations;
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• Costs for administration of alternative operation and maintenance; and

• Contingency costs to cover unanticipated operation and maintenance
costs.

5.1.8 State Acceptance
This criterion, which is an ongoing concern throughout the remedial process, reflects the
statutory requirement to provide for substantial and meaningful state involvement.
However, the state of Pennsylvania is the lead agency monitoring the performance of the
RI/FS for this site. State comments are being addressed during the development of the
FS, although formal state comments are typically received after the state has reviewed the
draft RI/FS report and the draft Proposed Plan prior to the public comment period. The
Proposed Plan that is issued for public comment along with the RI/FS report should
indicate whether the state has commented on or concurred with the preferred alternative
presented in these reports or whether the state's official comments have not yet been
received. The ROD should specifically address state concurrence, or the lack thereof,
with the response action that is selected, particularly noting state views on compliance or
noncompliance with state ARARs. State acceptance will be documented in the ROD
following the public comment period.

5.1.9 Community Acceptance
This criterion refers to the community's comments on the remedial alternatives under
consideration, where "community" is broadly defined to include interested parties. These
comments are taken into account throughout the RI/FS process through communications
and public meetings which occur as the community relations plan is implemented. Again,
community acceptance can only preliminarily be assessed during the development of the
FS, because formal public comment will not be received until after the public comment
period of the Proposed Plan and RI/FS is held. The detailed analysis, however, may
summarize preliminary comments on components of the alternatives received up to that
point. For the purposes of this FS, community acceptance will be evaluated in the ROD
following the public comment period.

5.2 FUNCTIONS OF THE NINE EVALUATION CRITERIA
The nine evaluation criteria can be categorized into three groups, each with distinct
functions in selecting the remedy. The first group consists of threshold criteria that must
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satisfied so that an alternative is eligible for selection, and includes overall protection
human health and the environment and compliance with ARARs (or invocation of
aivers). The second group of evaluation criteria consists of the following primary

balancing factors to weigh the tradeoffs between alternative strategies: long-term
fectiveness and permanence; reduction of mobility, toxicity, or volume; short-term
fectiveness; implementability; and cost. The third group of evaluation criteria,

i eluding state and community acceptance, are modifying considerations that are taken
uto account after public comment is received on the Proposed Plan and RI/FS reports.
For the performance of this FS, the first two groups will be evaluated in detail, with the
ird group being evaluated during development of the ROD.

DETAILED ANALYSIS OF SHENANGO RIVER SEDIMENT ALTERNATIVES
iis section provides the detailed analysis for each Shenango River sediment alternative
veloped in Section 4.1. Detailed cost estimates were generated for each alternative,
nd are included in Appendix C. Table 5-3 summarizes the costs associated with each of
ese remediation alternatives. The cost estimates encompass the capital, construction,
nd long-term maintenance costs incurred over the life of the remedy (30 years) expressed
the net present value of these costs.

s previously discussed, the HHRA determined that calculated risks for human receptors
(posed to sediments in the Shenango River under the assumed exposure scenario (child
ader) were within the acceptable range established by the NCP. The screening level

E RA indicated that the sediments did pose a potential risk to ecological receptors.
dditional potential concerns include consumption of fish and swimming in the
nmediate vicinity of the Clark Street outfall. The primary COPCs for Shenango River
diments and related soils, based on ecological concerns, are PCBs and zinc, with other
organic constituents contributing minimally to the total ecological risk. Although PCBs
re the only sediment COPCs which are associated with industrial activities at the former
/estinghouse facility, it is noted that actions which address sediments with the highest
CB concentrations would also address sediments with the highest concentrations of
ther COPCs, as described in Section 4.1.
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The remedial action objective for Shenango River sediments is to reduce the exposure of
ecological receptors to impacted media. In Section 4.1, the following medium-specific
remedial alternatives were developed to meet this objective:

• Shenango River Sediment Alternative 1 - No Action;
• Shenango River Sediment Alternative 2 - Limited Action/Natural

Recovery;
• Shenango River Sediment Alternative 3 -Cover; and
• Shenango River Sediment Alternative 4 - Excavate and Treat/Dispose

Off Site.

Table 5-4 provides a summary of the detailed analysis for each alternative.

5.3.1 Shenango River Sediment Alternative 1 - No Action
The no-action alternative for Shenango River sediment and riparian soils is retained as a
baseline for comparison with other alternatives. As part of this alternative, five-year
reviews would be conducted as required by SARA Section 121(c), but no remedial action
would be performed at the site. Existing sediments and riparian soils would remain in
place. Additionally, no action would be taken to address storm sewer sediments. No shut
down of the drinking water intake for the Shenango Valley Water Authority would be
required.

Overall Protection of Human Health and the Environment: Under the no-action
alternative, no remedial action would be taken to address impacted sediments. According
to the HHRA, there is no current unacceptable direct threat to human health caused by
exposure to these sediments. However, impacted sediments to pose a potential threat to
ecological receptors, based on the screening level ERA, allowing the potential
bioaccumulation of COPCs which may in turn expose humans to COPCs via fish
consumption, although this exposure is somewhat controlled institutionally by a
consumption advisory. Consequently, this no-action alternative would not be protective
of the environment under existing conditions. In addition, any disturbance of the
impacted sediment may cause the resuspension of the sediment, thereby potentially
exposing downstream receptors.
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Compliance With ARARs: For a very small portion of the river where total PCB
:oncentrations in the sediment exceed 50 mg/kg, this alternative might not comply with
TSCA regulations regarding the cleanup and/or disposal of PCBs. No other ARARs have
jeen identified related to the cleanup of impacted river sediments for ecological concerns.

'song-Term Effectiveness and Permanence: The no-action alternative does not directly
iddress remediation of the river sediments, however, natural biological, chemical, and
)hysical processes may gradually reduce concentrations of certain substances. In
iddition, natural resedimentation processes may gradually provide a cover of clean
iediment over the impacted sediments.

deduction of Mobility, Toxicity, or Volume: The no-action alternative would not reduce
he mobility, toxicity, or volume of COPC. However, natural biological, chemical, and
>hysical processes may gradually reduce concentrations of certain substances.

hort-Term Effectiveness: This alternative would not change current site conditions.
Ecological risks associated with river sediments would remain, although risks associated
vith remedy implementation would not be incurred. Shut down of the water intake for
he Shenango Valley Water Authority would not be required.

mplementability: An evaluation of the implementability of the no-action alternative is
ot applicable, as no action is taken.

'ost: The no-action alternative has no capital costs over the 30-year project life, and
vould incur only costs related to the five-year reviews required by the NCP, estimated to
lave a net present value of $58,000, as detailed in Appendix C.

>.3.2 Shenango River Sediment Alternative 2 - Limited Action/Natural Recovery
Alternative 2 for Shenango River sediments includes the continuation of the existing fish
:onsumption advisory, along with natural resedimentation and attenuation processes to
educe the potential exposure of ecological receptors. Routine biennial monitoring of
ediment quality and fish tissue would be performed to assess the effectiveness of this
dternative. Existing sediments and riparian soils would remain in place. Additionally,
10 action would be taken to address storm sewer sediments.
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Overall Protection of Human Health and the Environment: According to the HHRA,
there is no current unacceptable direct threat do human health caused by exposure to these
sediments. However, impacted sediments to pose a potential threat to ecological
receptors, based on the screening level ERA, allowing the potential bioaccumulation of
COPCs. Under this alternative, impacted sediments would be covered over time by
natural resedimentation processes, and COPC concentrations may reduce over time due to
natural attenuation processes. These processes would thus eventually reduce potential
exposures of ecological receptors to impacted sediments. Continuation of the fish
consumption advisories would control potential risks to human health related to fish
consumption. Disturbance of impacted sediment may cause the resuspension of the
sediment into the surface water, thereby potentially exposing downstream receptors.

Compliance With ARARs: For a very small portion of the river where total PCB
concentrations in the sediment exceed 50 mg/kg, this alternative might not comply with
TSCA regulations regarding the cleanup and/or disposal of PCBs. No other potential
chemical-specific ARARs have been identified relative to this alternative.

Long~Term Effectiveness and Permanence: This alternative addresses remediation of
the river sediments and reduction of potential ecological risks through long-term natural
biological, chemical, and physical processes which may gradually reduce concentrations
of certain substances or provide a cover over impacted sediments.

Reduction of Mobility, Toxicity, or Volume: This alternative would not directly reduce
the mobility, toxicity, or volume of COPC. However, over time resedimentation
processes would reduce the mobility of the COPC, and natural biological, chemical, and
physical processes may gradually reduce concentrations of certain substances.

Short-Term Effectiveness: In the short term, this alternative would not change current
site conditions. Ecological risks associated with river sediments would remain, although
risks associated with an excavation or capping remedy would not be incurred. Shut down
of the water intake for the Shenango Valley Water Authority would not be required. The
fish consumption advisory would be an effective short-term remedy to mitigate potential
risks to human health related to fish consumption.
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mplementability: The various components of this alternative are readily implementable.
requency of fish tissue and sediment quality monitoring activities would likely be on a
ennial basis.

ost: This limited action alternative would have minimal capital costs, and the long-term
t present value would be approximately $667,000, as detailed in Appendix C.

3.3 Shenango River Sediment Alternative 3 - Cover
nder this alternative, portions of the Shenango River where sediments and riparian soils
xceed the cleanup goals would be covered by a minimum of 12 inches of granular fill or
ther appropriate cover material, in order to limit the bioavailability of impacted
diments. Routine monitoring would be performed to inspect the cover for signs of
rosion. Additionally, significant accumulations of impacted sediment in the storm
swers leading from the site, if detected, would be removed and properly disposed of off
te. No action would be taken to remove impacted sediments and riparian soils from the
ver corridor. During construction, monitoring of the intake for the Shenango Valley
Vater Authority will be performed, and if necessary the intake may be shut down during
onstruction hours.

verall Protection of Human Health and the Environment: As stated previously, there
no current unacceptable direct threat to human health posed by impacted sediments.

retaliation of a cover over impacted sediments may present a short-term risk to human
ealth due to the possible resuspension of sediment into the surface water, as a public
ater intake is located in the immediate vicinity of some areas with impacted sediment
Area 14). Proper design, installation, and maintenance of the cover would effectively
duce the potential for ecological exposure to impacted sediments by reducing the
ioavailability of COPCs in the sediment. This would in turn reduce concentrations of
ÔPCs in fish over time, reducing the potential risk to humans associated with fish
onsumption.

ompliance With ARARs: By providing a cover over sediments with total PCB
oncentrations exceeding 50 mg/kg, this alternative may comply with TSCA regulations.
)ue to the potential disturbance and resuspension of sediment associated with this
Iternative, precautions may be necessary to comply with the CWA, SDWA, and
ennsylvania Clean Streams Law.
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Long-Term Effectiveness and Permanence: If the cover material is designed
appropriately for the prevention of erosion and scouring, this alternative could be an
effective long-term remedy for reducing the potential exposure of ecological receptors to
impacted sediments.

Reduction of Mobility, Toxicity, or Volume: Installation of a cover is not a treatment
method, and toxicity and volume of COPCs would not be reduced. Mobility of the
COPCs would be substantially reduced by a properly designed and installed cover system.
Natural biological, chemical, and physical processes may gradually reduce concentrations
of certain substances in the sediments.

Short-Term Effectiveness: Installation of the cover may result in the temporary
resuspension of impacted sediment, which could pose a short-term potential risk to
human health due to the water company intake at Area 14, as well as to ecological
receptors. Shut down of the Shenango Valley Water Authority intake during construction
hours may be necessary.

Implementability: Installation of a cover would be readily implementable at Area 15 and
along the western bank at Area 14. Installing a cover along the eastern bank of Area 14
would be more difficult, due to the steepness and dense vegetation along this bank.
Regular inspections would be required to verify continued integrity of the riprap cover.
Access agreements may be required for work on properties adjacent to the river. On-site
construction activities would take one to two months, following four to six months of
design and bid solicitation. The feasibility of shutting down the water authority intake
during the construction period would also need to be assessed.

Cost: The estimated net present worth of installing a cover at Areas 14 and 15, including
long-term maintenance and inspections, is $880,000, as detailed in Appendix C. Note
that this does not include costs associated with protecting the public drinking water
supply during implementation.
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.3.4 Shenango River Sediment Alternative 4 - Excavate and Treat/Dispose
Off Site

Jnder this alternative, sediments and riparian soils along the Shenango River corridor in
Areas 14 and 15 which exceed the respective cleanup goals would be excavated and
ansported to an appropriate off-site facility for subsequent treatment and/or disposal.
Jnder Alternative 4A, a maximum of twelve inches of impacted sediments and riparian
oils would be excavated. For Alternative 4B, up to four feet of impacted sediments and
riparian soils would be excavated.

Hxcavation would be performed by conventional equipment in Area 15 and by dredging
in Area 14. This alternative would also include temporary barriers to isolate the areas
eing excavated, dewatering of the excavation areas, temporary rerouting of the Clark
itreet storm sewer discharge, and backfilling of the excavated areas with twelve to 48
nches clean fill or other appropriate material to reestablish pre-excavation channel
rofiles. Additionally, significant accumulations of impacted sediment in the storm
ewers leading from the site, if detected, would be removed and properly disposed of off
ite. The intake for the Shenango Valley Water Authority would be monitored during
onstruction activities and may be shut down during construction hours, if necessary.

Overall Protection of Human Health and the Environment: There is no current
i nacceptable direct threat to human health posed by impacted sediments. Excavation of
i npacted sediments and riparian soils may present a short-term unacceptable risk to
human health due to the possible resuspension of sediment into the surface water used for
public consumption, particularly at Area 14. The use of temporary barriers such as sheet
filing may minimize this threat, but even the installation of such barriers could cause
rssuspension of sediment. Excavation of impacted sediments and replacement with clean
fill or riprap would effectively reduce the potential for the unacceptable exposure of
ecological receptors. This would in turn reduce concentrations of COPCs in fish over
t me, thereby reducing the potential risk to humans from fish consumption.

Compliance With ARARs: By removing and properly disposing of sediments with total
1CB concentrations exceeding 50 mg/kg, this alternative may comply with TSCA
regulations. Due to the disturbance and potential resuspension of sediment, precautions
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may be necessary to comply with the CWA, SDWA, and Pennsylvania Clean Streams
Law. Disposal of removed sediment at an appropriate off-site facility may be needed to
comply with various solid, residual, and/or hazardous waste management regulations.

Long-Term Effectiveness and Permanence: Under Alternative 4B, it is anticipated that
a substantial portion of the total site-related COPC mass would be removed from the
river, thereby providing a potentially effective and permanent remedy. For Alternative
4A, if the backfill material used to replace the excavated materials is designed
appropriately for the prevention of erosion and scouring, this alternative could be an
effective long-term remedy for reducing the potential exposure of ecological receptors to
impacted sediments. The ability to meet sediment cleanup goals by dredging, as would
likely be required at Area 14, has not been demonstrated on a consistent basis at other
sites.

Reduction of Mobility, Toxicity, or Volume: Because of the relatively low
concentrations of COPCs relative to TSCA and RCRA standards, treatment of excavated
materials would likely not be required, and therefore the toxicity and volume of COPCs
would not be reduced. Mobility of the COPCs in terms of long-term potential exposure
of ecological receptors would be reduced by the removal of the impacted sediments from
the river corridor, although mobility may increase in the short term.

Short-Term Effectiveness: As described above, excavation of impacted sediments
and/or the installation of temporary siltation controls could result in a substantial increase
in risk to human health, due to the presence of a public water supply intake at Area 14.
The new intake is located directly across the river (approximately 150 feet wide) from the
area where the highest total PCB concentrations have been detected within the subject
area. The water intake may need to be shut down during construction hours. This
alternative would also pose a temporary increase in potential risk to ecological receptors.

Implementability: Implementation of an excavation alternative would be moderately
difficult at Area 15 and along the western bank of Area 14, and would be very difficult
along the eastern bank of Area 14. Obstacles to implementation include physical access
to the river for equipment, staging and dewatering of excavated materials, and performing
the work in a manner which will not result in the introduction of PCBs into the public
water supply system. Access agreements may be required for work on properties adjacent -̂̂
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the river, potentially including the use of a substantial portion of the Sharon Tube
ompany property. On-site construction activities would take four to six months,
llowing six to nine months of design and bid solicitation. The feasibility of shutting
own the Shenango Valley Water Authority intake needs to be addressed.

ost: The estimated net present worth of excavating impacted sediments at Areas 14 and
5, as described herein, is $1,840,000 for Alternative 4A, and $3,030,000 for Alternative
B. Detailed cost estimates are provided in Appendix C. Note that this does not include
osts associated with protecting the public drinking water supply during implementation.

4 DETAILED ANALYSIS OF GROUNDWATER/NAPL ALTERNATIVES
tiis section provides the detailed analysis for each of the remedial alternatives developed
n Section 4.2 for addressing groundwater and NAPLs at the site. Detailed cost estimates
re provided in Appendix C and are summarized in Table 5-5.

he remedial action objectives for groundwater and NAPLs at the site are to reduce the
kelihood of unacceptable human exposures, reduce the potential for further aquifer
egradation, and improve aquifer quality to the extent practicable. In Section 4.2, the
ollowing medium-specific remedial alternatives were developed to meet these objectives.

• Alluvial Groundwater/NAPL Alternative 1 - No Action;
• Alluvial Groundwater/NAPL Alternative 2 - Institutional Controls

with Monitored Natural Attenuation;
• Alluvial Groundwater/NAPL Alternative 3 - NAPL Source Removal

with Monitored Natural Attenuation for Groundwater;
• Alluvial Groundwater/NAPL Alternative 4 - NAPL Source Removal

with Groundwater Extraction, Treatment and Discharge; and
• Alluvial Groundwater/NAPL Alternative 5 - NAPL Source Removal

with In-Situ Groundwater Treatment.

he institutional controls of Alluvial Groundwater/NAPL Alternative 2 would be
ncluded in each of the subsequent alternatives. Table 5-6 provides a summary of the
etailed analysis for these alternatives.
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5.4.1 Alluvial Groundwater/NAPL Alternative 1 - No Action
As part of this alternative, five-year reviews would be conducted as required by SARA
Section 12 l(c) if any remedial action is performed at the site. No action would be taken to
control the migration of COPCs in groundwater, to prevent exposure of humans to
impacted groundwater and NAPLs, or to reduce the concentrations of COPCs in the
aquifer. There would be no attempt to institute restrictions on the use of groundwater either
on site or off site, nor would routine monitoring of groundwater quality be performed.

Overall Protection of Human Health and the Environment: Health risks posed by
current and reasonably anticipated future land use in the vicinity of the site are not
expected to be significant due to the lack of exposure to the groundwater and the presence
of a public water supply system throughout the subject area. However, the HHRA
determined that hypothetical future uses of impacted groundwater from both the Middle
and South Sectors resulted in an unacceptable risk to human receptors. No institutional
controls would be in place to prevent the use of groundwater in such a manner. The no-
action alternative would not alleviate potential risks to human health or the environment
posed by contact with impacted groundwater and/or NAPLs, nor would it eliminate
potential impacts to surface water, although such impacts do not appear to be occurring.
Natural processes such as dispersion and degradation may gradually reduce COPC
concentrations in .the aqueous phase downgradient of the site, as may be indicated by
recent groundwater sampling data, however no monitoring would be performed to
confirm this reduction. DNAPLs may gradually migrate vertically to the bedrock aquifer.

Compliance With ARARs: The no-action alternative does not comply with chemical-
specific ARARs.

Long-Term Effectiveness and Permanence: The no-action alternative does not directly
address remediation of alluvial groundwater and NAPLs, however, natural biological,
chemical, and physical processes may continue to gradually reduce concentrations of
certain substances downgradient of the site.

Reduction of Mobility, Toxicity, or Volume: The no-action alternative would not reduce
the mobility, toxicity, or volume of COPCs in the alluvial aquifer. However, natural
biological, chemical, and physical processes may continue to gradually reduce
concentrations of certain substances. -̂̂
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Short-Term Effectiveness: This alternative would not change current site conditions.
Risks associated with the hypothetical direct contact with groundwater would remain,
although risks associated with remedy implementation would not be incurred. The
availability of a public water supply throughout the effected area reduces likelihood that
he hypothetical exposures will take place in the short term.

mplementability: An evaluation of the implementability of the no-action alternative is
lot applicable, as no action is taken.

"ost: The no-action alternative has no capital costs over the 30-year project life, and
vould incur only costs related to the five-year reviews required by the NCP.

5.4.2 Alluvial Groundwater/NAPL Alternative 2 - Institutional Controls with
Monitored Natural Attenuation

Alternative 2 for alluvial groundwater and NAPLs includes the implementation-of deed
restrictions for properties under the administrative control of CBS, a municipal ordinance
restricting the use of groundwater within a designated area, and monitoring of
j jroundwater conditions in support of demonstrating the occurrence of natural attenuation
of COPCs in the aquifer. This alternative does not include the active extraction or
treatment of COPCs present in the aquifer.

Overall Protection of Human Health and the Environment: Health risks posed by
current and reasonably anticipated future land use in the vicinity of the site are not
expected to be significant, however, the HHRA determined that hypothetical future uses
of impacted groundwater resulted in an unacceptable risk to human receptors. This
Iternative would prevent these risks, especially in consideration of the existing public
water supply. Individual property and municipal restrictions on the use of groundwater
would help provide a level of assurance that human receptors are not being exposed to
mpacted groundwater. Natural processes such as dispersion and degradation may
ĵ adually reduce COPC concentrations in the aqueous phase downgradient of the site.
(jroundwater sampling performed at the site in 1999 indicated that natural attenuation
I irocesses are occurring at portions of the site.
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Occasional monitoring of groundwater quality, potentially including analytical parameters
associated with natural attenuation processes, would be performed to confirm that
groundwater quality downgradient of the source areas is improving. It is not likely that
groundwater quality within areas where NAPLs are present (western Middle Sector) will
improve significantly under this alternative. DNAPLs may gradually migrate vertically to
the bedrock aquifer.

Compliance With ARARs: By providing institutional controls restricting the use of
groundwater and thereby eliminating the exposure pathway, compliance with certain
ARARs may be achieved. Downgradient of the site, natural attenuation processes may
eventually reduce COPC concentrations to levels which meet certain chemical-specific
ARARs. In the short-term and in the vicinity of the source areas, this alternative would
not comply with ARARs, nor would it comply with the state groundwater quality
protection strategy.

Long-Term Effectiveness and Permanence: If complied with, groundwater use restrictions
in combination with the existing reliable supply of public water available throughout the
area would effectively prevent unacceptable human exposure to impacted groundwater. As
the source areas would not be remediated by this alternative, it is likely that the use
restrictions would be required to remain in effect for a substantial duration, particularly at
and immediately downgradient of the Middle Sector where NAPLs are present.

Reduction of Mobility, Toxicity, or Volume: Implementation of institutional controls
would not reduce the mobility, toxicity, or volume of COPC. However, natural
biological, chemical, and physical processes may continue to gradually reduce
concentrations of certain substances.

Short-Term Effectiveness: The implementation of this alternative would entail minimal
risk of human exposure to COPCs in groundwater, with the greatest contribution to this
risk resulting from occasional groundwater sampling and the installation of additional
monitoring wells as needed.

Implementability: Deed restrictions could be readily implemented for the portions of the
site owned by CBS. Preliminary discussions with the City of Sharon indicate the City's
general approval of implementing a groundwater use restriction ordinance, however such
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a measure must be discussed with the general public (including potentially affected
industrial property owners) and approved by the City Council. Groundwater monitoring
services, including well installation, are readily available. Frequency of monitoring
would likely begin as quarterly and would eventually be reduced to annually or less
requent.

Cost: Capital costs for implementing this alternative would consist primarily of legal,
Tiling fees and associated costs. Long-term costs associated with continued monitoring of
groundwater conditions are dependent on the sampling frequency and parameter list. The
;stimated net present worth is $2,150,000, as detailed in Appendix C.

5.4.3 Alluvial Groundwater/NAPL Alternative 3 - NAPL Source Removal with
Monitored Natural Attenuation for Groundwater

This alternative includes the removal of NAPLs from the subsurface using one or more of
everal options. For Alternative 3A, direct and/or enhanced recovery methods,
otentially including dual-well systems, solvent flushing, or electrical heating along with
umping or passive absorption of product, would be implemented to collect NAPLs for
ppropriate off-site treatment and disposal. For Alternative 3B, an in-situ treatment

method such as enhanced biodegradation would be used to destroy the NAPL constituents
n the ground. The groundwater use restrictions and continued monitoring of
roundwater for natural attenuation of residual COPCs, as described for Alternative 2,
vould also be included in each of these alternatives.

Overall Protection of Human Health and the Environment: Health risks posed by
urrent and reasonably anticipated future land use in the vicinity of the site are not
xpected to be significant, however, the HHRA determined that hypothetical future uses
f impacted groundwater resulted in an unacceptable risk to human receptors.
iroundwater use restrictions would help provide a level of assurance that human
eceptors are not being exposed to impacted groundwater, and natural processes may
radually reduce COPC concentrations in the aqueous phase downgradient of the site, to
e confirmed by occasional monitoring of groundwater quality. By removing or reducing
he mass of NAPLs present in the alluvial aquifer, a significant source of PCBs and
hlorinated benzenes would be addressed, thereby resulting in an expected improvement
f groundwater quality in and immediately downgradient of the Middle Sector in the long
erm. Reducing or eliminating the mass of DNAPL would also lessen the likelihood that
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the DNAPL would gradually migrate vertically to the bedrock aquifer. Alternative 3B
involves thoroughly mixing NAPLs into the aqueous phase, thereby substantially
increasing aqueous-phase COPC concentrations, at least in the short term, within the
NAPL areas.

Compliance With ARARs: By providing institutional controls restricting the use of
groundwater and thereby eliminating the exposure pathway, compliance with certain
ARARs may be achieved. Downgradient of the site, natural attenuation processes may
eventually reduce COPC concentrations to levels which meet certain chemical-specific
ARARs. In the vicinity of the source areas, removal or reduction of NAPL mass may
provide ultimate compliance with ARARs over a greater area than if NAPL treatment or
removal were not performed. Collected NAPLs (Alternative 3A) would likely require
off-site incineration to achieve compliance with TSCA requirements.

Long-Term Effectiveness and Permanence: If complied with, groundwater use
restrictions in combination with the existing public water supply would effectively
prevent unacceptable human exposure to impacted groundwater. Due to the substantial
volume of NAPL mass present in the subsurface, it is unlikely that any enhanced recovery
method or in-situ treatment method would effectively remove all COPCs from the
subsurface. However, once the NAPLs are removed from the subsurface (Alternative 3A)
or destroyed within the aquifer (Alternative 3B), the process is permanent with respect to
the NAPLs removed or destroyed. The effectiveness of both of these alternatives is
directly related to the ability to draw the NAPLs to the collection points. Bench-scale
testing with site NAPLs has indicated that solvent flushing and electrical heating both
significantly reduce NAPL viscosity, which could aid in the collection of NAPLs.
Incineration is a proven destruction method for the site COPCs. Enhanced
biodegradation is an innovative treatment method which has been bench-tested on site
NAPLs with modest success. Residual NAPLs may continue to impact groundwater, so it
is likely that the use restrictions would be required to remain in effect for a substantial
duration, particularly at and immediately downgradient of the Middle Sector.

Reduction of Mobility, Toxicity, or Volume: The nature of the enhanced recovery or
treatment methods is to temporarily increase the mobility of the NAPLs, therefore
allowing them to be collected and/or treated with greater ease. This is particularly true
for Alternative 3B, whereby the NAPLs are thoroughly mixed with groundwater within
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he aquifer. Alternative 3 A would include incineration of collected NAPLs, and would
therefore in the long term reduce the toxicity of the COPC mass associated with the
VAPLs. Likewise, Alternative 3B ultimately reduces the toxicity of the COPC mass
:hrough degradation of the constituents to water and carbon dioxide. For COPCs in the
aqueous phase, natural biological, chemical, and physical processes may continue to
gradually reduce concentrations.

Short-Term Effectiveness: Implementation of Alternative 3A would result in moderate
hort-term risks to human health associated with the installation of injection wells,
lectrode borings, and/or collection wells, as well as with the handling of collected
ÂPLs. These risks can be managed using appropriate health and safety provisions. The

solvent used for flushing, if selected, would be a non-toxic substance. For Alternative 3B
short-term implementation risks would be slightly less, as NAPLs would not be brought
to the surface. Minimal additional risks would be incurred during groundwater
monitoring activities.

Implementability: Services are readily available to perform either of these alternatives.
I j Access agreements would be required since a portion of the NAPL mass is located

outside the CBS property. The presence of a lightly used railroad line and an active pipe
i nanufacturing plant off property may make complete implementation of a NAPL source
removal method more difficult. Each of the alternatives would require performance of a
six-month pilot test and method evaluation prior to full-scale implementation. For
Alternative 3A, it is anticipated that enhanced removal methods would become
increasingly less cost effective (in terms of volume of NAPL removed per dollar spent)
jifter the first three to five years. The in-situ treatment method (Alternative 3B) would
1 ikewise be completed to a point of diminishing returns within three to five years.
Complete NAPL removal or treatment would likely require decades.

i
Cost: The estimated net present worth of Alternative 3A1 (direct recovery) is
$5,970,000, and for Alternative 3A2 (direct and enhanced recovery) is $9,860,000. The
estimated net present worth of Alternative 3B (in-situ treatment) is $10,500,000.
Detailed cost estimates are provided in Appendix C.

5-21521 AR3026I5



5.4.4 Alluvial Groundwater/NAPL Alternative 4 - NAPL Source Removal with \^S
Groundwater Extraction and Treatment

This alternative includes the removal of NAPLs from the subsurface using enhanced
recovery methods described in Alternative 3A. In addition, impacted groundwater from
non-NAPL areas in the South and/or Middle Sectors would be extracted and pumped to a
new on-site facility for treatment by aqueous-phase carbon adsorption and ultimate
discharge to the Shenango River. The groundwater use restrictions and continued
monitoring of groundwater for natural attenuation of residual COPCs, as described for
Alternative 2, would also be included in this alternative.

Overall Protection of Human Health and the Environment: Health risks posed by
current and reasonably anticipated future land use in the vicinity of the site are not
expected to be significant, however, the HHRA determined that hypothetical future uses
of impacted groundwater resulted in an unacceptable risk to human receptors. By
removing or reducing the mass of NAPLs present in the alluvial aquifer, a significant
source of groundwater COPCs would be addressed, and the likelihood that the DNAPL
would gradually migrate vertically to the bedrock aquifer would be lessened. Extraction
of impacted groundwater would reduce the volume of COPCs migrating downgradient of j
the site. Groundwater use restrictions would further help prevent human exposure to
impacted groundwater, and natural processes may gradually reduce residual COPC
concentrations (and associated risk) in the aqueous phase downgradient of the
groundwater extraction areas.

Compliance With ARARs: By providing institutional controls restricting the use of
groundwater and thereby eliminating the exposure pathway, compliance with certain
ARARs may be achieved. Treatment of extracted groundwater would be expected to
meet chemical-specific ARARs. Downgradient of the extraction areas, natural
attenuation processes may eventually reduce residual COPC concentrations to levels
which meet certain chemical-specific ARARs. In the vicinity of the source areas,
removal or reduction of NAPL mass may provide ultimate compliance with ARARs over
a greater area than if NAPL removal were not performed. Collected NAPLs would likely
require off-site incineration to achieve compliance with TSCA requirements.
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#ng-Term Effectiveness and Permanence: If complied with, groundwater use
estrictions in combination with the existing public water supply would effectively
re vent unacceptable human exposure to impacted groundwater. It is unlikely that NAPL
ecovery and groundwater extraction would effectively remove all COPCs from the
ubsurface, however the reduction of NAPL mass and extraction/treatment of the most
mpacted groundwater would effectively reduce COPC concentrations through much of
he subject area. Once the NAPLs and impacted groundwater are recovered from the
ubsurface and treated, the process is permanent with respect to removal of COPC mass
rom the aquifer. COPCs in the collected NAPL would be destroyed by off-site
ncineration, while COPCs in extracted groundwater would be captured within the
eatment system media, requiring subsequent appropriate management of treatment
ystem residuals. Activated carbon is a proven method for removing site COPCs from
xtracted groundwater. It is likely that the use restrictions would be required to remain in
ffect for a substantial duration, particularly at and immediately downgradient of the
fiddle Sector.

Deduction of Mobility, Toxicity, or Volume: Although the enhanced NAPL recovery
nethods may temporarily increase the mobility of the NAPLs, the extraction of
roundwater within or immediately downgradient of the NAPL areas will minimize the
orizontal migration of NAPL constituents. Collected NAPLs would be incinerated,
hereby reducing the toxicity of the COPCs in the NAPLs. COPCs in extracted
roundwater would be transferred to a different media (filters or activated carbon) which
vould require subsequent appropriate management. For residual COPCs in the aquifer,
atural biological, chemical, and physical processes may continue to gradually reduce
oncentrations.

Short-Term Effectiveness: Implementation of this alternative would result in moderate
hort-term risks to human health associated with the installation of injection wells,
lectrode borings, and/or collection/extraction wells, as well as with the handling of
ollected NAPLs and groundwater. These risks can be managed using appropriate health
ind safety provisions. Minimal additional risks would be incurred during groundwater
nonitoring activities.
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Implementability: Services are readily available to perform the activities included in this
alternative. Access agreements would be required since a portion of the NAPL mass and
impacted groundwater is not located on CBS property. An NPDES permit would have to
be obtained for discharge of effluent to the Shenango River. The presence of a lightly
used railroad line and active industrial facilities off property may make full-scale
implementation of NAPL source removal and groundwater extraction more difficult. The
time frame for NAPL removal activities is described in Section 5.4.3. Design and bid
solicitation for the groundwater extraction and treatment system would require six to nine
months, with system construction, testing, and startup taking an additional three to five
months. Complete NAPL removal or treatment and restoration of aquifer quality,
particularly in the Middle Sector, would likely require decades.

Cost: The estimated net present worth of Alternative 4 is $17,300,000, including
estimated costs associated with NAPL enhanced recovery activities. Detailed cost
estimates are provided in Appendix C.

5.4.5 Alluvial Groundwater/NAPL Alternative 5 - NAPL Source Removal with In-
Situ Groundwater Treatment

This alternative includes the in-situ treatment of NAPLs within the aquifer as described
for Alternative 3B. In addition, impacted groundwater from non-NAPL areas in the
South and/or Middle Sectors would also be subject to in-situ treatment via enhanced
biodegradation methods. The groundwater use restrictions and continued monitoring of
groundwater for natural attenuation of residual COPCs, as described for Alternative 2,
would also be included in this alternative.

Overall Protection of Human Health and the Environment: Health risks posed by current
and reasonably anticipated future land use in the vicinity of the site are not expected to be
significant, however, the HHRA determined that hypothetical future uses of impacted
groundwater resulted in an unacceptable risk to human receptors. By treating the mass of
NAPLs present in the alluvial aquifer, a significant source of groundwater COPCs would be
addressed, and the likelihood that the DNAPL would gradually migrate vertically to the
bedrock aquifer would be lessened. Additional in-situ treatment of impacted groundwater
would also reduce the volume of COPCs migrating downgradient of the site. Groundwater
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use restrictions would further help prevent human exposure to impacted groundwater, and
natural processes may gradually reduce residual COPC concentrations (and associated risk)
in the aqueous phase downgradient of in-situ treatment areas.

Compliance With ARARs: By providing institutional controls restricting the use of
roundwater and thereby eliminating the exposure pathway, compliance with certain
ARARs may be achieved. In-situ treatment of impacted groundwater may meet
c hemical-specific ARARs in some areas, but is unlikely to meet these ARARs in areas
here NAPLs are present. Downgradient of the in-situ treatment areas, natural
ttenuation processes may eventually reduce residual COPC concentrations to levels
hich meet certain chemical-specific ARARs. In the vicinity of the source areas,
Auction of NAPL mass may provide ultimate compliance with ARARs over a greater

£iea than if NAPL treatment were not performed.

isong-Term Effectiveness and Permanence: If complied with, groundwater use
strictions in combination with the existing public water supply would effectively

prevent unacceptable human exposure to impacted groundwater. It is unlikely that in-situ
reatment of NAPLs and groundwater would effectively remove all COPCs from the
s ubsurface, however the reduction of NAPL mass and treatment of the most impacted
j ;roundwater would effectively reduce COPC concentrations through much of the subject
£rea. The in-situ enhanced biodegradation process, an innovative treatment technique
with some bench-scale success demonstrated on site NAPLs, is permanent. It is likely
t lat the use restrictions would be required to remain in effect for a substantial duration,
] tarticularly at and immediately downgradient of the Middle Sector.

Reduction of Mobility, Toxicity, or Volume: The enhanced biodegradation process for
] tf APLs may temporarily increase the mobility of COPCs in the NAPLs. COPCs in the
treated NAPLs and groundwater would be destroyed, thereby reducing COPC toxicity.
For residual COPCs in untreated portions of the aquifer, natural biological, chemical, and
physical processes may continue to gradually reduce concentrations.
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Short-Term Effectiveness: Implementation of this alternative would result in low to
moderate short-term risks to human health associated with the installation of injection
wells and/or collection wells, as well as with the handling of biological substrate being
injected. These risks can be managed using appropriate health and safety provisions.
Minimal additional risks would be incurred during groundwater monitoring activities.

Implementability: Services are available to perform the activities included in this
alternative. Access agreements would be required since a portion of the NAPL mass and
impacted groundwater is not located on CBS property. The presence of a lightly used
railroad line and active industrial facilities off property may make full-scale
implementation of NAPL and groundwater treatment more difficult. The time frame for
NAPL treatment activities is described in Section 5.4.3. It is anticipated that in-situ
treatment of groundwater would require a similar to slightly longer period of time, due to
the greater extent of impacted groundwater. Complete NAPL treatment and restoration of
aquifer quality would likely require decades.

Cost: The estimated net present worth of Alternative 5 is $12,000,000, including
estimated costs associated with in-situ NAPL treatment. Detailed cost estimates are
provided in Appendix C.
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6.0 SUMMARY OF ALTERNATIVES

his section presents a summary of the three Shenango River sediment and five alluvial
oundwater and NAPL remedial alternatives that were subjected to detailed evaluation in
ection 5.0. This summary of alternatives is a key step in the remedy decision-making
ocess and in the selection of the most cost-effective alternatives which are fully protective
public health and the environment in accordance with CERCLA and the NCP.

le following summary information on each alternative is to be used as reference for
Comparison of alternatives with one another. This comparison is made in light of two
r gulatory considerations. First, the NCP, Section 300.68(i), states that the appropriate
medy shall be determined by the lead agency's selection of a cost-effective remedial
ternative that effectively mitigates and minimizes the threat to and provides adequate

protection of public health, welfare, and the environment. The NCP defines cost
effectiveness as having overall protectiveness proportional to costs incurred, i.e., more
costly remedies must have proportionally greater overall protectiveness than less costly
medies. Second, Section 121 of SARA states that:

"Remedial action in which treatment permanently and significantly
reduces the volume, toxicity, or mobility of the hazardous substances,
pollutants, and contaminants as a principal element is to be preferred over
remedial actions not involving such treatment. The off-site transport and
disposal of hazardous substances or contaminated materials without such
treatment should be the least favored alternative remedial action where
practicable treatment technologies are available."

owever, as described in the NCP, (40 CFR 300.430(a)(iii)(A)) USEPA's expectation is
use treatment to address principal threats. USEPA expects to use engineering controls,

ach as containment, for waste that poses a relatively low long-term threat (40 CFR
00.430(a)(iii)(B)). The NCP also describes USEPA's expectation that groundwater will
returned to beneficial uses where practicable within a reasonable timeframe, or to

revent further migration and exposure if such restoration is not practicable (40 CFR
00.430(a)(iii)(f)).
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The information in this summary is based on the present knowledge concerning the
known environmental conditions at the site. Technologies described in this and previous
sections are based on the current understanding of the nature, degree, and extent of COPC
in site media. If this understanding changes during remedial design or between five-year
reviews, such that the relative merits of different technologies change, the proposed
technologies may be reassessed.

6.1 SHENANGO RIVER SEDIMENTS
The HHRA determined that exposure to impacted sediments does not pose an
unacceptable risk to humans, but impacted sediments do pose a potential ecological risk,
as described in the Screening Level ERA. Riparian soils, storm sewer sediments, and
consumption of impacted fish were not explicitly evaluated in either risk assessment. The
primary COPCs in sediments and riparian soils based on ecological concerns are PCBs
and zinc. The remedial action objective for river sediments is to reduce the potential
exposure of ecological receptors to impacted sediments.

Based on supplemental sediment sampling data obtained in 1998, it is assumed that
remedial actions, if taken for sediments, would be focused on Area 14 (adjacent to water
company) and Area 15 (Clark Street), as described in Section 4.1. Table 5-4 provides a
summary of the detailed analysis for this medium.

6.1.1 Shenango River Sediment Alternative 1 - No Action
The no-action alternative for Shenango River sediment and riparian soils is retained as a
baseline for comparison with other alternatives. As part of this alternative, five-year
reviews would be conducted as required by SARA Section 121(c), but no remedial action
would be performed at the site. Existing sediments and riparian soils would remain in
place. Additionally, no action would be taken to address storm sewer sediments.

Under the no-action alternative, no remedial action would be taken to remove or reduce
exposure to impacted sediments. Although the risk assessment documents no threat to
human health exceeding CERCLA criteria, ecological receptors would be exposed to
potential risks related to impacted sediments and humans would be exposed to a potential
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risk via fish consumption. Consequently, this alternative may not be protective of the
e nvironment under existing conditions. Disturbance of impacted sediments may cause
resuspension of sediments, potentially exposing downstream receptors, including the
Stfienango Valley Water Company surface water intake.

ic no-action alternative would not reduce the mobility, toxicity, or volume of COPC.
However, natural biological, chemical, and physical processes may gradually reduce
concentrations of certain substances, and resedimentation may gradually provide a cover
Over some impacted sediments. This alternative may not comply with TSCA due to one
olated area with total PCB concentrations in the sediment exceeding 50 mg/kg.

1.2 Shenango River Sediment Alternative 2 - Limited Action/Natural Recovery
[tentative 2 for Shenango River sediments includes the continuation of the existing fish

consumption advisory, along with natural resedimentation and attenuation processes to
duce the potential exposure of ecological receptors. Existing sediments and riparian
ils would remain in place. Routine biennial monitoring of sediment quality and fish
ssue would be performed to assess the effectiveness of this alternative.

nder this alternative, impacted sediments would be covered over time by natural
sedimentation processes, and COPC concentrations may reduce over time due to natural
tenuation processes. These processes would thus eventually reduce potential exposures
ecological receptors to impacted sediments. Continuation of the fish consumption

dvisories would control potential risks to human health related to fish consumption.
isturbance of impacted sediment may cause the resuspension of the sediment into the
jrface water, thereby potentially exposing downstream receptors.

his alternative would not directly reduce the mobility, toxicity, or volume of COPC.
owever, over time resedimentation processes would reduce the mobility of the COPC,
nd natural biological, chemical, and physical processes may gradually reduce
Dncentrations of certain substances. For a very small portion of the river where total
CB concentrations in the sediment exceed 50 mg/kg, this alternative might not comply
ith TSCA regulations.

6-3 rt63 AR302623



6.1.3 Shenango River Sediment Alternative 3 - Cover
Under this alternative, portions of the Shenango River where sediments and riparian soils
exceed the cleanup goals would be covered by 12 inches of granular fill or other
appropriate cover material. Additionally, significant accumulations of impacted sediment
in the storm sewers leading from the site, if detected, would be removed and properly
disposed of off site. No action would be taken to remove impacted sediments and
riparian soils from the river corridor.

Proper design, installation, and maintenance of the cover would effectively reduce the
long-term potential for ecological exposure to impacted sediments by reducing the
bioavailability of COPCs in the sediment. Regular inspections would be required to
verify continued integrity of the riprap cover. Installation of a cover may present a short-
term potential risk to human health and the environment via resuspension of impacted
sediment into the surface water and subsequently into the public water intake located at
Area 14. Monitoring of the surface water intake would be performed during construction
activities.

Installation of a cover would not reduce the toxicity and volume of COPCs. Mobility of
the COPCs would be substantially reduced by a properly designed and installed cover
system. Natural biological, chemical, and physical processes may gradually reduce
concentrations of certain substances in the sediments. By providing a cover over the
small area of sediments with total PCB concentrations exceeding 50 mg/kg, this
alternative may comply with TSCA regulations.

Installation of a cover would be readily implementable at Area 15 and along the western
bank at Area 14, but would be more difficult along the eastern bank at Area 14, due to the
steepness and dense vegetation along this bank. This alternative would increase short-
term human health risks, unless the Shenango Valley Water Authority intake was shut
down during the construction period.

6.1.4 Shenango River Sediment Alternative 4 - Excavate and Treat/Dispose Off Site
Under this alternative, up to one foot (Alternative 4A) or up to four feet (Alternative 4B)
of sediments and riparian soils along the Shenango River corridor in Areas 14 and 15
which exceed the respective cleanup goals would be excavated and transported to an

R22/1H 6-4 /̂ UMMINGSflR30262l*



ppropriate off-site facility for subsequent treatment and/or disposal. Excavation would
performed by conventional equipment in Area 15 and by dredging in Area 14.

emporary baniers would be installed to isolate the areas being excavated and allow for
watering. The excavated areas would be backfilled with clean fill or other appropriate

material to reestablish existing flow and deposition patterns. Significant accumulations
f impacted sediment in the storm sewers leading from the site, if determined to be

p resent, would be removed and properly disposed of off site.

Excavation of impacted sediments and replacement with appropriately designed clean fill
ould effectively reduce the potential for the unacceptable exposure of ecological
;ceptors. Excavation of impacted sediments and riparian soils may present a significant

s ion-term risk to the environment and human health due to the possible resuspension of
sdiment into the surface water used for public consumption, even with the use of
;mporary barriers. Monitoring of the surface water intake would be performed during

construction activities.

ecause of the relatively low concentrations of COPCs relative to TSCA and RCRA
andards, treatment of excavated materials would likely not be performed prior to
sposal, and therefore the toxicity and volume of COPCs would not be reduced.
obility of the COPCs in terms of long-term potential exposure of ecological receptors
ould be reduced, although mobility may increase in the short term. By removing and
operly disposing of sediments with total PCB concentrations exceeding 50 mg/kg, this

alternative may comply with TSCA regulations.

1 le effectiveness of a sediment removal remedy in meeting cleanup goals has not been
demonstrated on a consistent basis. At several sites, including the Alcoa Grasse River
te, the General Motors Massena site, and the Sheboygan River site, cleanup goals could

not be met despite extensive dredging efforts. At several other sites, including the
aukegan Harbor, Black River, and Lipari Landfill, post-dredging samples were not

collected to evaluate remedy performance (General Electric, 1997).

Implementation of an excavation alternative would be moderately difficult at Area 15 and
ong the western bank of Area 14, and would be very difficult along the eastern bank of
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Area 14. Obstacles to implementation include physical access to the river for equipment, ^̂
staging and dewatering of excavated materials, and performing the work in a manner
which will not result in the introduction of PCBs into the public water supply system,
possibly including shutting down the intake during the construction period. Access and
use of a substantial portion of the Sharon Tube Company property would be required.

6.2 ALLUVIAL GROUNDWATER AND NAPLs
The HHRA identified groundwater in the alluvial aquifer in the South and Middle Sectors
of the site as posing an unacceptable carcinogenic and non-carcinogenic risks to various
potential human receptors, including future residents and workers using groundwater for
bathing and consumption. The primary COPCs for alluvial groundwater in the South
Sector are VOCs (chlorinated aliphatic hydrocarbons), while the primary COPCs in the
Middle Sector include VOCs (both chlorinated aliphatic hydrocarbons and chlorinated
aromatic hydrocarbons), dioxin, and PCBs. The remedial action objectives for alluvial
groundwater and NAPLs at the site are to reduce the likelihood of unacceptable human
exposures, obtain compliance with ARARs, reduce the potential for further aquifer
degradation, and reduce COPC concentrations in groundwater. Table 5-6 provides a
summary of the detailed analysis for alluvial groundwater/NAPL alternatives. ^—*

It should be noted that upon implementation of a ROD that addresses impacted
groundwater, the USEPA may elect to terminate the ongoing LNAPL removal action, as
described in the 1994 UAO.

6.2.1 Alluvial Groundwater/NAPL Alternative 1 - No Action
The no-action alternative for alluvial groundwater and NAPLs is retained as a baseline for
comparison with other alternatives. As part of this alternative, five-year reviews would
be conducted as required by SARA Section 121(c) if any remedial action is performed at
the site. No action would be taken to control the migration of COPCs in groundwater, to
prevent exposure of humans to impacted groundwater and NAPLs, or to reduce the
concentrations of COPCs in the aquifer. There would be no attempt to institute
restrictions on the use of groundwater either on site or off site, nor would routine
monitoring of groundwater quality be performed.
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he no-action alternative would not alleviate potential risks to human health or the
environment posed by contact with impacted groundwater and/or NAPLs, nor would it
eliminate potential impacts to surface water, although such impacts do not appear to be
ciccurring. While health risks posed by current and reasonably anticipated future land use
in the vicinity of the site are not expected to be significant, hypothetical future uses of
impacted groundwater from both the Middle and South Sectors for potable or sanitary
uses as assumed in the HHRA
resulted in an unacceptable risk to human receptors. Natural processes such as dispersion
nd degradation may gradually reduce COPC concentrations downgradient of the site.
DNAPLs may gradually migrate vertically to the bedrock aquifer.

he no-action alternative would not reduce the mobility, toxicity, or volume of COPCs in
e alluvial aquifer. However, natural biological, chemical, and physical processes may

continue to gradually reduce concentrations of certain substances. The no-action
tentative does not comply with chemical-specific ARARs, nor with Act 2.

2.2 Alluvial Groundwater/NAPL Alternative 2 - Institutional Controls with
Monitored Natural Attenuation

Iternative 2 for alluvial groundwater and NAPLs includes the implementation of deed
restrictions for properties controlled by CBS, a municipal ordinance restricting the use of
groundwater within a designated area, and long-term monitoring of groundwater
conditions in support of demonstrating the occurrence of natural attenuation of COPCs in
e aquifer. No attempt would be made to actively extract and/or otherwise treat

impacted alluvial groundwater and NAPLs.

Individual property and municipal restrictions on the use of groundwater would help
rovide a level of assurance that human receptors are not being exposed to impacted
roundwater. Health risks posed by current and reasonably anticipated future land use in

the vicinity of the site are not expected to be significant, however, certain hypothetical
iture uses of impacted groundwater could result in an unacceptable risk to human
sceptors. Natural processes such as dispersion and degradation may gradually reduce
OPC concentrations in the aqueous phase downgradient of the site, based on the findings
f sampling performed at the site in 1999. Occasional monitoring of groundwater quality
ould be performed to confirm that groundwater quality downgradient of the source areas
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is improving. It is not likely that groundwater quality within areas where NAPLs are ^^
present will improve significantly under this alternative. DNAPLs may gradually migrate
vertically to the bedrock aquifer.

Implementation of the institutional controls would not reduce the mobility, toxicity, or
volume of COPC. However, natural biological, chemical, and physical processes may
continue to gradually reduce concentrations of certain substances. By providing
institutional controls restricting the use of groundwater and through natural attenuation
processes, compliance with certain ARARs may be achieved. In the short term and in the
vicinity of the NAPL areas, this alternative would not comply with chemical-specific
ARARs.

6.2.3 Alluvial Groundwater/NAPL Alternative 3 - NAPL Source Removal with
Monitored Natural Attenuation for Groundwater

This alternative includes the removal of NAPLs from the subsurface, along with the
implementation of groundwater use restrictions and continued monitoring of groundwater
for natural attenuation of residual COPCs. No active groundwater extraction or
remediation would be performed. For Alternative 3A, direct and/or enhanced recovery ,
methods, potentially including dual-well systems, solvent flushing, or electrical heating
along with pumping or passive absorption of product, would be implemented to collect
NAPLs for appropriate off-site treatment and disposal. For Alternative 3B, an in-situ
treatment method such as enhanced biodegradation would be used to destroy the NAPL
constituents in the ground.

By reducing the mass of NAPLs present in the alluvial aquifer, a significant source of
COPCs would be addressed, potentially resulting in an improvement of groundwater
quality in and immediately downgradient of the Middle Sector in the long term.
Reducing the mass of DNAPL would also lessen the likelihood of vertical migration to
the bedrock aquifer. Due to the substantial volume of NAPL mass present in the
subsurface, it is unlikely that any enhanced recovery method or in-situ treatment method
would effectively remove all COPCs from the subsurface within a reasonable time frame.
The effectiveness of this alternative is directly related to the ability to draw significant
quantities of NAPLs to the collection points.
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health risks posed by current and reasonably anticipated future land use in the vicinity of
ic site are not expected to be significant, however, certain1 hypothetical future uses of
mpacted groundwater could result in an unacceptable risk to human receptors.
roundwater use restrictions and the availability of a public water supply provide
ssurance that human receptors are not being exposed to impacted groundwater, and
atural processes may gradually reduce COPC concentrations in the aqueous phase
owngradient of the site. Short-term risks to human health may be incurred in association
vith the installation of injection wells, electrode borings, and/or collection wells, as well
s with the handling of collected NAPLs, particularly under Alternative 3 A. Alternative
B involves the complete mixing of NAPLs with groundwater in the aquifer, and
herefore may not be protective of the environment in the short term.

he nature of the enhanced recovery or treatment methods is to temporarily increase the
nobility of the NAPLs, therefore allowing them to be collected and/or treated with
reater ease. Alternative 3 A would include incineration of collected NAPLs, and would
herefore in the long term reduce the toxicity of the COPCs. Likewise, Alternative 3B
Itimately reduces the toxicity of the COPC mass through degradation of the constituents
3 water and carbon dioxide. For COPCs in the aqueous phase, natural biological,
chemical, and physical processes may continue to gradually reduce concentrations.

1 ty providing institutional controls, reducing NAPL mass, and through natural attenuation
p recesses, compliance with certain ARARs may be achieved at portions of the site.

<i.2.4 Alluvial Groundwater/NAPL Alternative 4 - NAPL Source Removal with
Groundwater Extraction and Treatment

This alternative includes the enhanced recovery of NAPLs from the subsurface, along
vith the implementation of groundwater use restrictions and continued monitoring of
groundwater for natural attenuation of residual COPCs. In addition, impacted
groundwater in non-NAPL portions of the South and/or Middle Sectors would be
extracted and pumped to a new on-site facility for treatment by aqueous-phase carbon
adsorption and ultimate discharge to the Shenango River. Groundwater would be
extracted from within or immediately downgradient of areas where COPC concentrations
a re highest.
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By reducing the mass of NAPLs present in the alluvial aquifer and by extracting the most
significantly impacted groundwater, the potential for vertical and horizontal migration of
COPCs in the alluvial aquifer would be substantially reduced. Health risks posed by
current and reasonably anticipated future land use in the vicinity of the site are not
expected to be significant, however, certain hypothetical future uses of impacted
groundwater could result in an unacceptable risk to human receptors. Groundwater use
restrictions and the availability of a public water supply provide a level of assurance that
human receptors are not being exposed to impacted groundwater, and natural processes
may gradually reduce COPC concentrations in the aqueous phase downgradient of the
site. Short-term risks to human health may be incuned in association with implementing
the components of this alternative, including the handling of collected NAPLs and
impacted groundwater.

Although the enhanced NAPL recovery methods may temporarily increase the mobility of
the NAPLs, the extraction of groundwater within or immediately downgradient of the
NAPL areas will minimize the horizontal migration of NAPL constituents. Collected
NAPLs would be incinerated, thereby reducing the toxicity of the COPCs in the NAPLs.
COPCs in extracted groundwater would be transferred to a different media which would
require subsequent appropriate management. For residual COPCs in groundwater,
natural biological, chemical, and physical processes may continue to gradually reduce
concentrations.

By providing institutional controls, reducing NAPL mass, extracting impacted
groundwater, and through natural attenuation processes, compliance with certain ARARs
may be achieved at portions of the site, including Act 2, although compliance with
chemical-specific ARARs is unlikely within NAPL areas.

6.2.5 Alluvial Groundwater/NAPL Alternative 5 - NAPL Source Removal with
In-Situ Groundwater Treatment

This alternative includes the in-situ treatment of NAPLs and impacted groundwater in
non-NAPL areas using enhanced bioremediation techniques, along with the
implementation of groundwater use restrictions and continued monitoring of groundwater
for natural attenuation of residual COPCs. Groundwater treatment would be performed
within or immediately downgradient of areas where COPC concentrations are highest.
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y reducing the mass of NAPLs present in the alluvial aquifer and by treating the most
gnificantly impacted groundwater, the potential for vertical and horizontal migration of
OPCs in the alluvial aquifer would be substantially reduced. Health risks posed by
urrent and reasonably anticipated future land use in the vicinity of the site are not
xpected to be significant, however, certain hypothetical future uses of impacted
roundwater could result in an unacceptable risk to human receptors. Groundwater use
estrictions would help provide a level of assurance that human receptors are not being
xposed to impacted groundwater, and natural processes may gradually reduce residual
OPC concentrations in groundwater downgradient of the treated areas. Short-term risks
o human health may be incurred in association with implementing the components of
his alternative, including the handling of biological reagents.

Ithough the NAPL treatment methods may temporarily increase the mobility of the
APLs, the extraction of groundwater within or immediately downgradient of the NAPL

ireas will minimize the horizontal migration of NAPL constituents. COPCs in the treated
[APLs and groundwater would be destroyed, thereby reducing COPC toxicity. For
esidual COPCs in groundwater, natural biological, chemical, and physical processes may
ontinue to gradually reduce concentrations.

y providing institutional controls, reducing NAPL and COPC mass in the alluvial
quifer, and through natural attenuation processes, compliance with certain ARARs may
e achieved at portions of the site, although compliance with chemical-specific ARARs is
nlikely within NAPL areas.

.3 COST EFFECTIVENESS EVALUATION
'he NCP requires selected remedial actions to be cost effective, such that its costs are
Toportional to its overall effectiveness, which considers long-term effectiveness and
>ermanence, reduction of toxicity, mobility or volume by treatment, and short-term
ffectiveness. This requirement is in addition to satisfying the two threshold criteria of
iverall protection of human health and the environment and compliance with ARARs
unless a specific ARAR is waived).
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6.3.1 Shenango River Sediment Alternatives
Among the remedial alternatives for Shenango River sediments and riparian soils, the
excavation alternative (Alternative 4) rates fair for overall protection of human health and
the environment but very good for ARAR compliance, while the no action, limited action,
and cover alternatives (Alternatives 1, 2, and 3) rate fair or good in the threshold criteria.
Likewise, the excavation alternative rates highest in long-term effectiveness, but worst in
short-term effectiveness, due to the potential risks of resuspension of impacted sediments.
The substantial additional cost of excavation of impacted sediment relative to the other
options does not appear to result in a proportional increase in overall effectiveness, in
light of the significant potential short-term risks.

6.3.2 Alluvial Groundwater/NAPL Alternatives
The alluvial groundwater and NAPL remedial alternatives which include groundwater use
restrictions with monitored natural attenuation (Alternative 2), NAPL source removal
with monitored natural attenuation (Alternative 3), NAPL source removal with
groundwater extraction and treatment (Alternative 4), and NAPL source removal with in-
situ groundwater treatment (Alternative 5) satisfy the threshold criteria. Of these
alternatives, the options including in-situ or ex-situ treatment of groundwater in addition
to NAPL removal or treatment (Alternatives 4 and 5) would incur substantially higher
costs than performing only NAPL removal or treatment (Alternative 3) while providing
minimal improvement in overall effectiveness in terms of COPC mass removed from the
subsurface relative to Alternative 3. The additional cost of Alternative 3 relative to
Alternative 2 does result in increased effectiveness in reducing COPC mass in the aquifer,
but does not result in a significant reduction in risk relative to Alternative 2.

6.4 SYNERGISTIC AND ANTAGONISTIC EFFECTS
Synergism refers to the circumstance where one process or technology enhances the effect
of another, such that the net effect of the two processes is greater than the net combined
effect of the separate processes. Antagonism is the opposite relationship, where one
process interferes with or negates the effect of the other such that the net effect is less
than the net combined effect of the separate processes. In either synergism or
antagonism, the relationship may or may not be mutual.
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here do not appear to be any direct synergistic or antagonistic relationships created by
the Shenango River sediment alternatives. A remedy selected for this medium would not
1 ikely have an impact, either positive or negative, on remedies selected for other site
media. However, implementation of either Alternative 3 or Alternative 4 for sediment
suits in substantial increase in short-term risk over Alternatives 1 and 2, due to the
esence of a public drinking water intake at Area 14.

clear synergistic effect is involved in remedies for groundwater and NAPLs at the site,
d was considered in the development of remedial alternatives, as described in Section
2. Because of the presence of NAPLs in the alluvial aquifer, it is likely that an active
medy which addresses only groundwater without removing or otherwise reducing the

impact of NAPLs on groundwater will not result in a long-term improvement of aquifer
uality (USEPA, 1999). On the other hand, a removal or reduction of the NAPL mass
nay result in a substantial improvement in the quality of the aquifer's aqueous phase by
iminating or reducing the source of COPCs in the aquifer. In fact, a recent USEPA

document (Appendix A) suggests a phased approach to addressing NAPL-impacted
uifers in a manner which addresses NAPLs by direct pumping and enhanced recovery
'ior to implementing a remedy for COPCs in the aqueous phase (USEPA, 1999). This
tproach would likely allow the selected groundwater remedy, whether it be pump and
eat, in-situ treatment, or monitored natural attenuation, to occur more effectively.
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7.0 CLOSING

' 'his FS Report for Shenango River sediments, groundwater and NAPLs has been
prepared in accordance with the Consent Order and Agreement, dated September 21,
988, between Westinghouse and PADER. This document was completed pursuant to

the Remedial Investigation/Feasibility Study (RI/FS) Work Plan, Revision 2.0 (Rizzo
Associates, 1992), and draws from information presented in the RI Report
ummings/Riter, 1996), the HHRA (ChemRisk, 1998), the Screening Level ERA

ChemRisk, 1997), the Supplemental Sediment Sampling Data Summary Report
Cummings/Riter, I999a), and the Supplemental Groundwater Sampling Data Summary
eport (Cummings/Riter, 1999b). This FS Report develops and evaluates a set of
emedial alternatives for Shenango River sediments, alluvial groundwater, and NAPLs at
he Former Sharon Transformer Plant.

We believe that this FS Report is responsive to the needs of the parties involved,
ncluding CBS, the regulatory agencies, and the community of Sharon.

! Respectfully submitted,
Cummings/Riter Consultants, Inc.

3ryan R. Maurer
Senio

Patrick F.
President
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ACRONYMS

ARAR Applicable or relevant and appropriate requirement

WQC Ambient Water Quality Criteria

AA Clean Air Act

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act

( "OI Constituents of interest

GOPC Constituents of potential concern

CSF Cancer slope factor

WA Clean Water Act

)CE 1 ,2-Dichloroethene

)NAPL Dense non-aqueous phase liquid

EQ Ecological effects quotient

PC Exposure point concentration

;RA Ecological Risk Assessment

JHRA Human Health Risk Assessment

il Hazard index

DRs Land Disposal Restrictions

NAPL Light non-aqueous phase liquid

CL Maximum Contaminant Level

VICLG Maximum Contaminant Level Goal

Kg/kg Milligrams per kilogram

MSL Feet mean sea level
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ACRONYMS
(CONTINUED) j

NAAQS National Ambient Air Quality Standards

NAPL Non-aqueous phase liquid

NCP National Contingency Plan

NESHAP National Emission Standards for Hazardous Air Pollutants

NPDES National Pollutant Discharge Elimination System

NPL National Priorities List

NSPS New Source Performance Standard

OU Operable Unit

PADEP Pennsylvania Department of Environmental Protection

PAH Polycyclic aromatic hydrocarbon

PCB Polychlorinated biphenyl

POTW Publicly-owned treatment works

RBC Risk-based concentration

RCRA Resource Conservation Recovery Act

RFD Reference dose

RI/FS Remedial Investigation/Feasibility Study

ROD Record of Decision

SARA Superfund Amendments and Reauthorization Act

SDWA Safe Drinking Water Act

SVE Soil vapor extraction

SVOC Semi-volatile organic compound
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ACRONYMS
(CONTINUED)

T 3C To be considered

Trichloroethene

T 5CA Toxic Substances Control Act

UAO Unilateral Administrative Order

UlSEPA United States Environmental Protection Agency

VOC Volatile organic compound
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TABLE l-l
SI MMARY OF BASELINE HUMAN-HEALTH RISK ASSESSMENT

a

South
Groui

Centr
Groui

ledium"

em Alluvial
idwater

at Alluvial
idwater

Hypothetical
Exposure

Scenarios'"11

Adult Resident111'
Child Resident
Worker

Adult Resident1*"
Child Resident
Worker

Relevant Exposure
Pathway(s)

Ingestion
Dermal Contact
Inhalation

Ingestion
Dermal Contact
Inhalation

• ,

Significantly
, Contributing

Chemicals"11
Aroclor-1254
.Arsenic
2.3,7,8-TCDD(teq)
Vinyl chloride
1 .4-Dichlorobenzene
Trichloroethene
1,1-Dichloroethene
1 .3-Dichlorobenzene
Iron
I.2-Dichloroethene
Manganese
Chromium
Aluminum
Nickel
Vanadium
1 ,2,4-Trichlorobenzene
Chlorobenzene
Mercury
Barium
Copper
Cadmium
Zinc
2,4-Dichlorophenol
Beryllium
1 .2-Dichlorobenzene
Total of All Chemicals'

Aroclor-1254
Aroctor-1248
Aroclor-1242
Aroclor-1260
Trichloroethene
Arsenic
2.3,7.8-TCDD(teq)
Benzene
1 ,4-Dichlorobenzene
Tetrachloroethene
I.l-Dichloroethene
1.2-Dichloroethane
1 .2.4-Trichlorobenzene
Manganese
Iron
1 .3-Dichlorobenzene
Aluminum
Cadmium
Zinc
Chromium
Vanadium

Total
Carcinogenic

Risk"'

UE-02<CI
8.7K-OJ
I.3E-03
5. IE-04
3.5E-04
8. It-05
2.3E-05
«
—
—
-
--
«
—
«
—
—

--
--
--
--
..
~
~

2.2E-02

3.IE+OOlgl
2.8E+00'sf
4.4E-03
4.4E-03
3.2E-03
7.8E-04
7.3E-04
3.2E-04
2.8E-04
7.9E-05
6. IE-05
I.5E-05
«
~
..
~
«
«
-
—
~

Total
Non-Care.

Hazard Index"
1400
84

~
1.5
5.3
0.02
73
66
25
24
15
6.3
2,3
1.8
1.5
1.0
1.0
0.8
0.6
0.6
0.4
0.4
0.3
H.I6
1710

5.0 E +06
--
..
--
122
7.5
..
10
1.2
0.8
0.04
001
670
160
100
66
10
9.0
7.7
7.1
3.0

-rasummarv-rl \ls _ .
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TABLE 1-1
SUMMARY OF BASELINE HUMAN-HEALTH RISK ASSESSMENT

Medium'"'
Central Alluvial
Groundwater
(continued)

Bedrock
Groundwater

Hypothetical
Exposure
Scenarios'31

Adult Resident111'
Child Resident
Worker

Significantly
Relevant Exposure

Pathway(s)
Contributing
Chemicals"1'

Copper
;Chlorobenzene

Ingestion
Dermal Contact

1.2-DichIorobenzene
Barium
Nickel
Mercury
Beryllium
Silver
Cyanide
1.2-Dichloroethene
Total of All Chemicals'

Aroclor-1260
Aroclor-1254
2.3.7.8-TCDD(teq)
Arsenic
Benzo(a)anthracene
Bis(2-ethy]hexyl)phthalate
Aluminum
Barium
Cadmium
Manganese
Iron
Total of All Chemicals1"

Total
Carcinogenic

Risk'"
--
--
--
—
«
--
--
~
--
-

l.OE+00

2.8E-03
2.7E-OJ
3. IE-04
2.2E-04
1.5E-05
5.9E-06
-
—
~
..
-

6. IE-03

Total
Non-Carcx

Hazard Index"
1.5
1.3
1.0
1.0
0.90
0.60
0.5
0.20
0.10
0.07

5.0E+06

—
340
--
2.0
-

0.09
0.5
0.2
0.2
0.4
3.1
347 (

-̂>

a Only those media and exposure scenarios for which the calculated carcinogenic risk or non-carcinogenic hazard index
exceeds the target range (10"4 and 1 0. respectively) are shown

b Only those chemicals which have a total carcinogenic risk of greater than 10"*" or a hazard index of greater than 0 I are shown
c Total risks and hazard indices are the approximate values calculated by USEPA, and include each relevant exposure pathway
d Carcinogenic risks are for the combined Adult/Child Resident scenario Noncarcinogemc risks are for the Child Resident scenario
e Highlighted values indicate results for which health-based cleanup levels will be calculated, as shown on Tables 2-3 to 2-5
f Totals include results for compounds not shown on this table (see note b)
g Carcinogenic risk cannot exceed 1 OE+00 Value shown is used for calculating cleanup levels
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O °. ^ r-( — î l r- t— — r-i r*-| P 3°,
r-i ^^ d o 0 a4-' £> o*^ — dr'25o v o. ',• • -

""'"fi — T*r>lSo"~"^r^''O
~ O vi ̂ (jC ^ «n p g^ — o' r-i jn

d 0 ' V ̂

m ^ r-i m ^ ri o> r^t
— o o g v o o — p °°v v y>o

^ o

o m 8 o 0 ^ _ C Q -ot^
^ . v i i ^ r N . i . v - i p ^ ^ , ^

d v " ™ *S| o °

oo r- ® r-i r*- °° "~ f*~' S r?i p"1 ^
o * d - «* £ 3 5 = 9 o ̂  Sg

3S5;ssSP«s22?iS«s o o — — -«r o v v v •*

V̂l J*Q f̂ ^

oo — vio'7CTs. "0^°. oo® — J5
o ao - - _ ̂  «, - _ o 0- v _

00 CO "̂  ̂00 rf Tf û  ĵ- rf O> r-l r-.
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o o o o ^ j r j o o o o o o o o o o o o o o o o o o o o o o o o o o o

00
(2

S I
» Q II f . . . l a

S S o o S S S a g c ' S
tjj ouu u 3 -P ̂  S P ^9 &• e P..., 1 ill! I llllhlil I II
! iIf^llllll^lli'-ISlllliilJIill 'gAoiHMb̂ t̂ ^̂ ——-̂ ^̂ ^̂ ^̂  g^ g

AR302659



CO

3<nes

<

D D D D D D D D P D D D D D D D D D D D D D D D 3 D D D D D D D D
^ o o o o o o o o o o o o o o o o o o o o o o o o o m o m o o o m o

>o
ri

g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g g

r s o o o o o o o o o o o o o o o o o o < n o m o o o m o
m̂ ^̂  ^̂  ^̂  ^̂  ^̂  ^̂  ^̂  ^̂  ^̂  l1** f̂  »̂ »̂  ^̂  ^̂  "̂ ^̂  fS| ̂ * Ol •"" ̂ ™ ^̂  CN ^̂

pl
e I

D
n 
Da
te

m io 1I II 1 -, I^ S j j 2 S « o c - 5C i i. -o ii

A ^

AR302660



H
-J
P

fcJ
M PU^j P j

"3
"

W

* sg&

= D 3 3 3 3 3 = = 3 3 3 3 3 3333=333533333 3

»O

SS<
^i

o »
H crsx >j
NN £

S«3>. 5

M
A

S O O Q O Q O O Q O Q Q O O O < O O O O Q
SSSSSSSx?'^''1^'^

(N<N — — — — — *SCM — — — fX(-

< n m O O O O O < n m O G O i r i O O O Q O O O G Q G O O O O O O O O

SlJi fi
2- «E .£

S *

SU

— D D D P P D D
r- r- — — — f» — — z — — — — r*r-Jcs—• — — <H — —••*•• — — ~ — <s

P P P D P P P P P D P D P D P P P P P P D P P ^ P P P P P P P °
» O « O O O O O O ' n i o O O O W » O O O O O O O O O O m O O O O O O O flc*i n »** ̂  ̂  ̂  ̂ " e^i n "• *** ̂  rs ̂  ** ̂  ̂ * *•* ̂  ̂  ̂  ̂  *•* ^ ̂  '*** ̂  ̂  ̂  ** ^jftQn

Qu

P P P P P P P P P P D P P P P P P P P P P P P - . P P P P P P P
w i t n o o o e o m wo oo»noooooooooo — ooooooo]*se*t — — — — — MC* — « —*es-" — *- — — — — —• — — „ — — — —.-• —

|

. . .If l»il 11 f iif iltiniillf

i*!§s

= |
RR30266I



Ed^
*

_L W ̂M Id
Ed < H

O >

U^

O &
H cfito U
^̂  d̂

O
tt Q £

** fi

u

0 CM2 S

00 (N
^L ̂

A t~-

S 1

S r^

OX

S

r-

S
(N

OX

Sr»>
i

2 2 Z §- |" 8 §

^ **- *̂  t-> cs °° tra222 • • .
— " """ O •"

222 p, 55 ox? »o*O J2 w^ ^

< <; < P P P P
2 2 2 2 ° ° °

^ < < P P CQ P
2 2 2 2 £ w 2

P P P P P P P

< < < P P P P
Z Z Z 2 2 2 £

P p p p P P g

P P P g
222888 3,

O O O SO

P P P ̂ o p ox D

P P ffl P

< < < < < < < < < < < < §
2Z222222ZZZ 2^-

ZZZ22222ZZZ ZP

2ZZZZZZ2222 ZQ

ZZ22Z2ZZZZZ Z«^

ZZZZZZZ2222 2P

22222222222 «rl2

ZZZZZZZZ222 2^1

2ZZZZZZZ222 JQ2

22222222222 2_=

Z"y rr *̂  *y *̂  "̂  ̂  "̂  "̂  "̂  ^ *̂

222SS5SS Z ZZ22ZZZZZ2 *°o o P- o

w sl S
S I1 5

^ ^ Q * §^*. ^* r\ Uh 2T5 I §j|i
§ I sla~

s|Dggg ^gSS "j||
o e - i < M M r i c M e ^ t * , Q H r i n Q H c i n -3 5 R 2 =

Sl'i'S11.8l33lRllllgl 115 5 5 5 5 .5 's .o .o .o .o ̂  .o .0 ,o .9 ̂  .o ,o ,o

• i j <
o o o o o o _o

flR302662

SO

o

X



to
H

P P P P c o a P p P P P P e f l p p p p p p p p p p p p p p p p p p p p
O O O O < n * ~ O O O O O O f t j O O Q O O O O O O O O O O O O O O O O O

p p p p c Q P ^ p S ^ ^ s p ^ p ^ p p p p p p p p p p p p p p p p SO o o o g \ o p q o q p p o q q q q p q ® q o o o 0 o o o o q o o o
™"™™™i/^^*n>n(^wS'n^^wSiriif^ir>>/SvSirivSin^|o^<ri^^wSinininin^iX

P P P P C Q P P P P P P p D P P P P P - D P P P D p p ^ D P P P P P
o o o o e n o o o o o o o o o o o o o ™ o q q q o q o o x O O O O o q^ _. _ - - _ ^ - « « « w » - « ^ « _ « « ^

xO

«*-o
uoo

AR302663



:A
L 
RE
SU
LT
;

PL
ES

E
A
N
A
L
Y
T
H

VA
TE
R
 S
AM

II

TA
BL
E
 1
-5

S
U
M
M
A
R
Y
 O
F
 H
IS
TO
RI
CA
L
 G
R
O
U
N
D
W
A
T
E
R

OR
GA
NI
CS

 I
N 
AL
LU
VI
AL
 O
N-
SI
TE
 G
l

M tN
l OXc ?=

s
30 *""
"«

Ox
r-

ox
Ox
r-r-

S
(N

S
M

i§

2 g
S i=

1*1 M
T 3;s S
S g

= Ss ̂

1 
Sa
mp
le

 I
D: Co

ll
ec
ti
on
 D
at
e:

P P P c t f O i B S p - p P P P P P P P P P o i D p D D D P P P P P P P P P P
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O
N M M e M M e M r J M e ^ e ^ t r > t e ^ f x » < N M ^ M e M M M M M M e ^ r ^ M f > » p t n e ^ e k i e s i < n c s

P P P P P P P P P P P P P P P P P P P D D D D P P P P P P P P P P

PPPPPPPPPPPPPPPPPPPPPPDD.3P3PPD3P...D
o o o o o o o o o o o o o o o o o o o o o o o o o o o m o o o u i o

P P P P P P P P P P P P P P P P P P P P P P D P P P P P P P P P P

P P P P P P P P P P P P P P P P P - P P P D D D . S D D ^ P P P ^ P

™ ~

P P P P P P P P P P P P P P P P P P P P P P P D 3 P P P P P P P P
o o o o o o o o o o o o o o o o o o o o o o o o o m o m o o o n t o

p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
P D P P P P P P P ^ P P P P P P P P P P P P P P P P P g p p p g p

P P P P P P P P P P P P P P P P P P P P P P P P P P P ^ P P P ^ P

P P P P P P P P P P P P P P P P P P P P P P P P P P P D P P P D P

22^22 SSSSSSS2SSSSSSSSSSSSSS "~ "~
P P P _ . ; 5 - . P P P P P P P P P P P 3 P P P P P P P P P § P P P 5 P
o o o o 2 o o o o o o o o c > o o o S o o o o o o o o o § o o 2 § 2

illiigllllilllillliiiiillliilliii
e-tcsrg < N M r ^ M M M < N M < N M M r4csrJMrjcNesirJMv1fSrj(S.rtts

1
J 1 -S 1 - I
| S § " 1 S ^ § 1
£ 1 SSS S £: -s^-H S - a ^ ^ S S SQ ^^ 555 o ° S y o c u - ^ ^ H w u s u u

^

O

S--

<n

M

9
f

V

RR302661*



s
G
E

5
*5

^^is
Ed

fc S
| !3
X *

MIi
U

Ofe
3
Ei.
O

I
s ..

r- r*

a
9

3
c
9
C5

P P P P D Dp p P P P D D D D P P P P P p . O D D D D D P P D p
n «n o o O OJO n r j O O O o O O O O O e^« O O O O O O O O O O

P P P P P P P P P P P P P P P < P P P P P P P P P P P p D p p
fxl f̂ J "" *•« v̂  ••• 4̂ fS| r\J ' *•• VBM *M f*J «p« to4 ̂ * "̂  *•• Ĥ MM ii «• ii 'Si ii «̂  ii ^̂  ii iv vrt
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p p p p p p ^ p p p P S P P p p p p p p p p p p p ^ p p p p ^ p p
O O O O O O o o O O O O ~ O O O O O O O O O O O O O ™ O O O O r s l O O

p p p p p p _ p p p p 3 p p p p p p p p p p p p p 3 p p p p 0 p p
O O O O O O w i O O O O ~ O O O O O O O O O O O O O ™ O O O O — O©

p p p p p p p p - p p p p p p p p p p p p p p p a p p - p p p po o o o o o o o g o o r % o o o o o o o o o o o o o f l Q o o g o o o o

p g p p p p p p ^ p g g'p g g g p p p p p g p p g s g g ^ p g g g

p p p p p p p p p p p p p p p p p p p p p p p p p ^ p p p p p p p
o o o o o o o o o o o o o o o o o o o o o o o o o ~ o o o o o o o

D»^S ^ "*> ^̂ t N-̂  *-*\ -̂  *—— \ f̂  & ^ Mh ̂^ -̂  "*̂  ̂ --̂  ——— S ^ *-̂  *̂ \ *-*l —— ̂ ^ «̂  "̂  "•* *̂ \ ̂ ^ *̂  ""̂JJJJJNJJ«J^)PJ^JJJ|JJ»J— J^Jt.J>^iJiJ«J^i»J>JW»>J^^^
O O O p O O O O O o O o S > o o o e o o o o o o o o , u r O e o o o o e >

p p p 3 p p p p p p p p 2 p p p p p p p p p p p p = p p p p p p p
O O O O O O O O O O O O * T O O O O O O O O O O O O U O O O O O O O

p p p p p p p p p p p = p p p p p p p p p p p p P S P P P P P P Po o o o o o o o o o o ^ o o o o o o o o o o o o o j r o o o o o o o

P P P ^ P P P P P P P P P P P P P P P P P P P P P P P P P P P P Po o o o o o o o o o o p o o o o o o o o o o o o o o o o o o o o o

p p p p p p p p a p p p p p p p p p p p p p p p P a P P S S ^ 3 ^oooooooo^oooooooooooooooojrooooooo

p p p 3 p p p p p 3 3 p 3 p p p p p p p p p p p p 3 3 3 3 = > 3 3 = >o o o p o o o o o O o o ; J o o o o o o o o o o o o ; j o o o o o o o

I
8 « • • « = • ?
« 1 5 , 1 I s 1
IJlIiiafl I 1 * 11 1 » Illlllljll 1 1 Blj lljj 1 lllf
^fH^jS'S'S'S'S'u | l^'s g:i'i |l=='ilsiS ij'i.cl §-"J^ I

- - "—-_•_•_•• _r,i*!.J.'.«'fl5 co e o m c _ ) C J O G D D S Q w 2 e o H H aH>?1

CO

^

5
81

r*-
LO
CJ
CD
CO
cc

br
m\
 1 
1 
1 \
gw
-o
ff
-o
rg
-r
l .

xls
re
vi
se
d 4
/3
/0
0



to
pto

o cu
N* 2

<̂ VD

5 S35
Ed £
CL, 9
^ K< P
3a °

- H £32?3i*H g 0
83S «u >j P< j
U iJ
3 <IBfeaNM was H

M
A
R
Y
 O
F

O
R
G
A
^

^
to

g;

s _.

ce

Is
s
S|
0

Si0
Sos
^a

p
s?0
s§
0

?
Os

ON

T
(Ao Mô
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zzzPP'OP zzzzzzzzzzz z^

P P P P P P P
oa p

O O '•-t wwwo o d d qo

S! P» i- r- r* r- 5 < • < < < < < < < < < < •« <35? $ 5 5 ̂ zzzzzzzzzzz zz
O O O O O

§8 SSSSl a <
(N — — — — —,

z z z ° 2 2 2 o o Z~

P P P P P P P -*<
— CM — — — — — r-tZ

CQ P

O O O O O O

P P P P P P P trj<

CO P

Z d d z

1
•5. O £ c

so —
O r*
b b t e t a b t e b St_.ftT!E«C_s:TrT! tf lO O O O O o O >3 r" t t _ u - U Q ~ — "••-"•[t"1"

< ^ ̂  ̂  < "^ *C Qt**HE~ E~ O H E— H E~ w H

AR302690

k

OO
«-.o

00I

.5 ^



^

B

J
d
S|:̂*-« rj«i

I

|̂
tf ̂

2̂ O

68 I

to

M ""

m m * n . x m « n m m
^ 83

af!
P P P P P P P P P P P f f i P P P P P P P P P P P P P C Q P P P P P P P
O O O O O O O O O O O CM O O O O O O O O O O O O O O ^ O O O O O O O

W3

•> s 5 *^eS

CO

<u
Is -
i*K EC§Q
>*

r*
ai

(S

CN

C4

ts

(3 £

S J
«» !
3

p p p p p p p p p p p ^ p p p p p p p p p p p p p a p p p p p p pooooooooooojrooooooooooooor; o o o o o o o
^ *"• ^ ^* ̂ "*• ^ ̂  ^ ^ «•• W* ———— ^* ̂ M ̂  *-. ••• ^ V. p.. ^ ̂  «H >^ •-*. ^. ̂. ̂^ ̂ ^^ ̂

PPPPPPPPPPPP^PP3PPPPPPPPP^PP33PP3
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o
•— ——— •—— ——— •-1^ ——— —— ___•_• ___ M - ^ B _ ̂ _ _ _ ——I __ ft. ^ f, —m l _ _ ^ _ _ ^ _ _ v _ l _ _ _ _ _ , ^ n . __

P P P P P P P P _ 1 P P D _ P P P P P 3 P P P P P P P C 0 P P P P P P P
2£2£££°2'*2oflooooooooooooo<slc'000000

p p p S - ^ ^ ^ ^ p p p p p p - ^ p ^ p p p p p p - p p p p p p p p p pq q q o q q q q o o o o q q q o q q q o q o q q q o q q q q q o Q
m

P P P P P P P P P P P H P P P P P P P P P P P P P ^ P P P P P P P
22°.£22S2£2£m£££££2£2222££t".£o£££o£

P P P 3 P P P P p p p p P P P p P P P p P p P P P 3 P P P P P 3 3
q q q ^ q q q q p o p o q o q o q o q o o o o o o 0 o o o o o o g
i n m » n M - ; m « n m m i n m m ' n - l n » r i m — i n m m — m — mm'm1 — m m m ' m m — .-:

ZZZZZZZZZZZZZZZZZZZZZZZZZZZ^ZZZZZ

z z z zzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

P P P P P P P P p p p p P P P p P P P 3 P 3 P P P c Q P P P P P p 3
q q p q q q q q o o o o P P P o P P P o q o q p p r J p p p q p o oO etf

KQ— ̂O -d
^ gft S _ ^ t » ' W W W W W W f .jB5 as .--^--.---O

P P P P P P P P ^ P P o a P P P P P P P P P P P P P e O P p P P P P P
O O O O O O O O K O O O O O O O O O O O O O O O O m O O O O O O O

P P P P P P P P m P p e a p p p p p P P P P P P P P c o p p P p p p po o o o o o o o ^ o o o o o o o o o o o o o o o o m o o o o o o o

ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ

P P P P P P P P p p p p P P P p P P P p P p P P P c o P P P P P p
o o o o o o o o o o o o o o o o p o o o o o p P P ^ f P P P q P om'm'w^wSwSm'm'm'^^^^m'm'm'~~m'mm""m'~~m<n«nrJinm<nm'm"~

- ? • _ . - = • 8*•— e <q ., « .. S
^ 9 S g ^ S i • ' I 1

"o,si'C___2 — -._•C r— -p as jc -e _= -=
^^SSSSSi
— — — — — M Psl (N CQ

g u - ^ v £ ^ i u £
e S v e ^S S -i 3 Q-
§ _ 3 S s S S U S § S ? *C 2nj W||l||||| I I I |jg g || 1 1
5 » ^ 2 - 2 c S E E £ « i y . J . • = e - _ * S i a p 3 S e j - ; ^ i ^ F

IN

ii11
AR30269I



-
1

I
(N

S3 *-oo
* r^

Os

=* <N
«

ON

CO

rt
F

Os

P

P-
"̂, tJ\

<N

Fp-

Sa
mp
le
 I
D:

Co
ll
ec
ti
on
 D
at
e:

vo
la
ti
le
 Or
ga
ni
cs
 (u
g/
l)

1

p
o

p
o

p
o

p
o

p
o

p

z

p
o

z

p
o

po
po

z

p

rr
ic
hl
or
ob
en
ze
ne

4
ri

P
o

p
c

p
o

p
o

p
o

p

z

o

z

p
o

po

o

z

p

ch
lo
ro
be
nz
en
e

a

p
o

p
o

p
o

p
o

p
o

p

z
3
O

z

p
o

po

o

z

p

ch
lo
ro
be
nz
en
e

9

p
o

p
o

p
o

p
o

p
o

p

z

p
o

z

3
o

o
po

z

p

ch
lo
ro
be
nz
en
e

Q
4

p
o

p
o

p
o

p
o

p
o

p

z

p
o

z

p
o

o

o

z

p

cy
bi
s-
 1 
-C
hl
or
op
ro
pa
ne

ci

P
m
(N

P
m

P
m

P
O

p
m
(S

P

Z

P
m

Z

P
o

Pm

Pin

Z

P

Pr
ic
hl
or
op
he
no
l

m

P
O

p
o

p
o

p
o

p
o

3

z

o

z

p
o

o

o

z

p

"o

1̂
u

£
n

p

p
o

p
o

p
o

p
o

p

z

p
o

z

p
o

o

o

z

p

u
G

P P P P P P P P P P P P P P 3 P 3 P 3 P 3

- D P P P P P P P P P P P P P P P P . D P 3 P
O m o o o o o o m o o m m o o o o o m m o

P P P P P P P P P P P P P P P P P P P P P
O m o o o o o o m o o m m o o o o o m m O

P P P P P P P P P P P P P P P P P P P P P
O s O O O O O O O O O O ^ O s O O O O O O ^ O s O O

P P P P P P P P P P P P P P P P P P P P P
o m o o o o o o m o o m m o o o o o m m o

P P P P P P P P P P P P P P P P P P P P P

ZZZZZZZZZZZZZZZZZZZZZ

P=)3PPPPPPPPPPPPPPw..}pp
o m o o o o o o m o o m m o o o o o m m o

ZZZZZZZZZZZZZZZZZZZZZ

P P P P P P P P P P P P P P P P P P P P P
o m o o o o o o m o o m m o o o o o m m o

P P P P P P P P P P P P P P P P P P P P Po m o o o o o o m o o m m o o o o o m m o

P P P P P P P P P P P P D P P P P P P P Po m o o o o o o m o o m m o o o o o m m o

ZZZZZZZZZZZZZZZZZZZZZ

P P P P P P P P P P P P P P P P P P P P P
— r- — — — — — — r- — — P- r- — — — — — p-r- —

•s S Sg M _ £
v u 2 u

"x "o. ̂  ^ ^ § °*3J ^i; 8 e *""* § S S J_a 2 *•

444^uySSzz?<^z>i_flf^uu_Szz j

P P
o o

3 3
O O

p p
0 O

p p
o o

3 3
O O

3 3
M ̂

Z Z

3 3
O O

Z Z

p p
o o

3 3
O O

p po o

z z

3 3
- -

ip
ht
hy
le
ne

ac
en
e

O (

00
<*-o

RR302692



L
g,

a:
tN

F
%

H* <"-B

* cs
F
gs

M ̂c

p-

1
1
•s

K
— 1

** 5
;
r*
F

Os
p-

aa[•»
Z osSs

Fp~
o **i.2e cJ ••§

3

p
o

.2
O

P
O

3
O

p
o

p

+
Z

P
O

<f
Z

P
o

o

o

^
z

p

ii

nz
o(
a)
an

u
CQ

P P P
O O O

p p p
O O O

p p p
O O O

p p p'
O O O

p p p
O O O

p p p

< < <z z z

p p p
O O O

< < <z z z

p p p
O O O

333
O O O

p p p
O O O

^ ̂  ̂z z z

p p p

£ «
I 5§ i A

jgf 2
1? -O WIII
u u u
CQ CO CQ

p
o

p
o

p
o

p
o

p
o

p

<
z

p
o

^
z

p
o

o

i
^
z

p

g
-i
9
c
s

CO1

p
o

D
o

3
o

p
o

p
o

3

<
z

p
o

4
z

po

o

o

2
p

V£5
E
"£g
F
01
i5

p
o

p
o

p
o

p
o

p
o

p

<
z

p
o

^
z

p
o

o

i
<•z

p

ft

1
tt

1
JO

CQ P P
O O O

p p p
O O O

p p p
O O O

p p <o o z

3 p p
» o o

^ p ̂

< «z z z
-. p p
rt O O

< < <z z z

£ o z

= §§
^

_; p pM o o

^ <* ̂z z z

p p <

£
•all
in
l-l* «
alldtl<2 3 «_5 CQ U

p
o

p
o

p
o

p
o

po

p

<
z

p
o

^
z

po

o

o

^
z

p

£1
u

po

po

po

po

po

p

<
z

po

«.
z

po

g
i
*̂
z

p

V

.c
A

s
5

p
o

p
o

p
o

p
o

p
o

p

<
z1

p
o

f̂
z

po

o

i
_(
.z

3

c
£

£

p
o

po

p
o

p
o

p
o

p

ẑ

p
o

^
z

p
o

i
o

«£
z

p

^
1
i5

PPPPPPPPPPPPPP33PPP
o o o o o o o o o o o o o o o m o o o

p p p p p p p p p p ' p p p p p p p p p
o o o o o o o o o o o o o o o m o o o

P P P P P P P P P P 3 P P P P 3 3 P P
o o o o o o o o o o o o o o o m o o o

P P P P P P P P P P P P P P P P P 3 P
O O O O O O O O O O O O O O O s O O O O

-
p p p p p p p p p p p p p p p p p p p
o o o o o o o o o o o o o o o m o o o

.
p p p p p p p p p p p p p p p p p p p
_ _ _ - _ _ - _ ™ - _ _ - . _ - _ _ r J _ _ _ _

< < < < < < < < < < < < < < < < < < <zzzzzzzzzzzzzzzzzzz

p p p p p p p p p p p p p p p p p p p
o o o o o o o o o o o o o o o m o o o

< < < < < < < < < < < < < < < < < < : <zzzzzzzzzzzzzzzzzzz

p p p p p p p p p p p p p p p p p - p
o o o o o o o o o o o o o o o m o ' ^ o

1
p p p p p p p p p p p p p p p p p p po o o o o o o o o o o o o o o m o o o

p p p p p p p p p p p p p p p p p p po o o o o o o o o o o o o o o m o o o

^^^^<<<^^^<<<^^^^^^zzzzzzzzzzzzzzzzzzz

p p p p p p p p p p p p p p p p p p p
_ _ . _ . _ _ - - - _ - - . _ - - _ M - -

*n di S C

ill -l|I|I til
5j|_iB J-fS's.? aS-'^-^-Sffflijiihitllljiii
S-S-SEE^Z-CxllzIzzi-i.-E-L1

ooth-o
p-

(

llE >

AR302693



a

!<
II

sBlw 5 ag_j > O
Cfl S vy

O

Np4 !0_̂

fe O
O
>as

SU

H o > 3 3 P P P P P m <

p-

Sa
mp
le
 I
D:

Co
ll
ec
ti
on
 D
at
e:

P P P P P O * -<

z
q p p p p p o

3333333
p q q o q q q
_J (S — — — — —

P P P P P P P *
— (N — — — — — (N

P P P P P P P

P P P P P P P
o o o o o o o

<

CQ P

d
<<

.e ._: JB
J Ct - - - - - - - - =

P P P P P P P 0<

t̂

q q q q q q q 5
— (N — — ~ — —

CQ 3
G C Q G ^ O O Q - o s o Q
ZZZZgZZZooS <Dq o o q 70

d d d d —

— (N — — — — — OtZ

OO O O
— — — o o ' c s d d

P P P P P P P

"^^^^^^ zzzzzzzzzzz zzo o o o o o o

1P P P P P P P . < < < < < < < < < < < - <
_ M - - - - - ZZZZZZZZZZZ ^. Z

£
1I i
34 &

zzz2£S£ zzzzzzzzzzz z

§

u
o,
I

_
I - i

"st . *T-I s 8
- .IS s JS i oe «n .> | -s a

^ 1 « g ̂  ̂ 1 v j
II I llll °-
lil llllNo. S "3 « 3
§ •=? £ "® 8 * ""s c S 3 q <u wM s </t 2 -s i

U

13 S
«i e ™
3 S .2i-̂  tft »

-

z

oc
2
•o

_i

AR3Q269I*



>

|Mi|i
EQ
UI
VA
LE
NT

AL
TE
RN
AT
IV
E

ME
TH
OD

. _i«SB M U
W PI E-•H \ t 7

E w

_j j

1*1

ME
RA
TO
R

C3
U

If
1*

PC
B 
WA
ST
E

CA
TE
GO
RY

X

X

s
Al

1
3

' 1

X

X

X

X

8m
O

Li
qu
id
s 
w/

 fl
as
hp
oi
nt
 >
 6
0°
C

X

X

X

8
o

Li
qu
id
s 
w/

 fl
as
hp
oi
nt
 <
 6
0°
C

X X

X

X X

8 1
Al 0

Ot
he
r 
li
qu
id
s 
th
at
 ar

e 
al
so

ha
za
rd
ou
s 
wa
st
es

X

X

X

0
Al

No
n-
li
qu
id
s 
(so
il,

 ra
gs
, 
de
br
is
)

f-
X

X

X

X

o
W)
Al

Dr
ed
ge
d 
ma
te
ri
al
s 
an
d

mu
ni
ci
pa
l 
se
wa
ge

 sl
ud
ge

i

a.s

o
QQ

Ionii
£t/i
o
I
15

§
u
i•o•—
3

SS

5
I

I
•o
O- c-
93 CD
t3 |
< uw

AR302695





tou0-
u—CL

<
2
.ml

*
J
...
-d
>
.d
-
O

jSif< ^ l-d

U.

to

5

V.
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ŜsS. V1
^̂ ^̂

% ̂ ^^
. r̂it, ^
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>ĵ L
c£

U
Ẑ
t

z
U.
a |

Q,

•c

^3 ^

i j

e

Â̂
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How Hazardous Wastes
Migrate in the Subsurface

Importance of an Accurate Concept of Hazardous Waste Migration
for Cost-Efficient Site Investigations

and Selection of Functional Remedial Responses

by
Mark Mercer, P.E.

U.S. EPA HQ Corrective Action Programs Branch

Introduction

It has been 18 years since the terms of art "Non-Aqueous Phase Liquid" (NAPL) and "Aqueous Phase
Liqui<̂ " (APL) were first coined and later gained wide-spread usage, however, in spite of that, the true
environmental significance of hazardous waste migration in the NAPL phase has not been completely
understood. This paper presents a brief history of the state of knowledge concerning hazardous waste
releases to the environment and subsequent migration in ground water. Beyond that, this paper points out
certain areas where current general knowledge is still inconsistent with actual hazardous waste behavior
and proposes improved hazardous waste migration theories that address this shortfall. In fact, the
unrecognized influence of NAPLs as the principal migration mechanism is probably the single-most
important root cause of remedial failures, and especially the failures of many ground water pump-and-
treat (GWP&T) remedial efforts.

The state of the art of hazardous waste migration modeling can be synopsized into three general
stages. These three stages are here referred to as (1) the Past Paradigm (i.e., the recognition of aqueous
phase contamination only and the belief that hazardous waste migrated only as an APL plume); (2) the
Present Paradigm (i.e., an improved but imperfect understanding of hazardous waste migration that
recognizes that NAPLs exist and may even be mobile for the short-term, but which assumes that the
primary migration mechanism of hazardous constituents is as a plume of aqueous phase contaminants
dissolved from the NAPL "source"); and (3) the proposed New Paradigm (i.e., an understanding that the
principal transport mechanism for hazardous waste is as a NAPL plume rather than as an aqueous phase
contaminant plume).

In| support of the New Paradigm, this paper describes the principal mechanism by which the author
believes hazardous waste moves in the subsurface and also proposes several predictive tools for use in
identifying the presence of NAPLs that have previously gone unrecognized, as well as possible remedial
approaches for cleaning up contaminated sites cost effectively and within realistic time-frames. Certainly
an accurate understanding the mechanisms by which hazardous wastes are released to the environment
and migrate is the key to a successful remediation. Without an accurate understanding of the reason
behind the failures, remedial alternatives to GWP&T may be selected without realizing that they also
suffer from the same limitation and are themselves doomed to failure, or in the other extreme, GWP&T
will not be chosen for fear of failure even in those cases where it is an appropriate remedial measure and
would be successful.

Topics to be Discussed:

• How Hazardous Wastes Migrate
• History of the Common Hazardous Waste Migration Perception
« Which Plume is Faster, NAPL or APL?
• Which Plume Constitutes the Principal Migration Mechanism?
* How Long Does a NAPL Plume Continue to Migrate?
• Neutrally Buoyant Non-Aqueous Phase Liquids (NNAPL)
- The Single Cause for the Failures of Ground Water Pump & Treat
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• Simple Test to Determine if a Site has NAPL
• When it is OK to use GWP&T
• Triple-Train Remedial Approach
• Proper implementation of Triple-Train Unit Operations
• Remedial Alternatives to GWP&T that are Equally Flawed
• Containment Realities j

Discussion
How Hazardous Wastes Migrate

The principal point made by this paper is that when organic fluids are placed in a permitted hazardous
waste disposal facility, and the facility fails to contain the material, the released organic fluids will be
released at a rate that exceeds the ground water's ability to dissolve and carry away the hydrophobic
constituents. Hence, the bulk of the organic fluids will flow away from the disposal facility as neat
organic fluids. As these fluids flow through the porous media, they will leave a trail of residual saturated
media behind. At some point, the entire mass of highly saturated organic fluid will be dissipated in the
tail of residual saturated media. These fluids will flow as long as there exists a volume of media that has
saturation above residual saturation and as long as a pressure gradient exists within the NAPL Plume.
This time can be estimated and discussed. This concept has the principal contaminant mass migrating as
a NAPL plume (99%+) ( ____). Dissolution into surrounding ground water occurs as the
primary NAPL plume moves through the water saturated media and forms the secondary (cloud) APL
plume. This is a Class 2 site.

The perception and modeling of dilute solute contamination originating at the disposal location and
moving to the sampling point as a retarded dilute solute would not be correct at this type of site.
Although for sites where there only is a dilute solute plume (no NAPL plume), the 800+ dilute solute
computer models are appropriate. These sites are Class 1 sites.

Click for further discussion on What are APLs and NAPLs?——————————————

History of the Common Hazardous Waste Migration Perception

Hazardous waste professionals are aware of NAPLs, however not all share the same degree of
understanding of its behavior or significance. There are in all probability as many theories of NAPL
behavior as there are theorists. Some of these theories have evolved over time. Others have remained
fairly constant. Unfortunately, certain aspects of NAPL behavior on a large scale, such as would be
expected in association with a hazardous waste disposal operation rather than an isolated small-scale
spill, have not yet been thoroughly investigated. In the author's opinion, the commonly held perception of
NAPL behavior continues to overlook a few critical areas of hazardous waste mobility and its
significance to ground water and surface water resources. Before exploring the finer points of hazardous
waste migration theory, we will quickly review the history of the general level of understanding over the
past two decades.

Past Migration Paradigm

In the eighties, the predominant perception of hazardous waste migration was one of dilute solute
contamination moving with the flow of ground water. The presence of NAPLs was for the most part yet
unrecognized. According to the general understanding of the time, all sites were then the equivalent of
what we would today call a CLASS J_site; that is, all contaminants leaving the site did so as dilute
solutes in ground water. The belief was that dissolved contaminants would sorb onto the aquifer
materials, thereby retarding the movement of the contaminant plume relative to the velocity of the
ground water. At any one time, part of the mass of the contaminants would be sorbed onto the aquifer
materials at levels in equilibrium with the ground water concentrations and part would be dissolved in t̂
ground water. Ground water pump-and-treat (GWP&T) systems were designed to remove the combined
mass of the contaminants dissolved in ground water and the mass sorbed onto the aquifer materials. In
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those cases that truly were Class 1 sites (e£., wnere this mass happened to represent the entire
contaminant mass requiring removal) the GWP&T systems performed as intended and was successful. In
those cases where this mass was insignificant in comparison to the actual mass present in an
unrecognized NAPL plume (what today we would call a Class 2 site), the GWP&T contaminant mass
extraction rate was inadequate to remediate the site and the GWP&T system failed. In both cases, though,
the GWP&T extraction system would produce the mass removal rate intended.

The failures then were not in the performance of the GWP&T systems to remove the contaminant
mass they were designed for. Rather the failures were in not recognizing how hazardous wastes migrate
from CLASS 2 sites and that a significantly larger volume of contaminants could be present in the form
of a concentrated NAPL plume. However, because NAPL masses were not anticipated, they were not
investigated and the cause of the failures remained a mystery. One contributing factor to the GWP&T
failures was the failure to compare the mass of contaminants actually placed at the site to the amount of
contaminant mass calculated as migrating away from the site (Mercer. 1991b). Even though it may not
have been possible to make this comparison with precision, a gross order of magnitude comparison
would have been sufficient to determine if the contaminant mass in solution and sorbed onto the aquifer
materials was sufficiently large to represent the principal release pathway. Failure to balance the mass of
waste released with the mass of waste characterized in the subsurface prolonged the problem by
preventing many from recognizing the presence of NAPLs.

Present Migration Paradigm

In the nineties, the terms NAPL and APL were widely used and recognized as terms of art. The most
commonly held paradigm was that of a stationary NAPL source area at or near the release point and a
migrating APL plume that was capable of traveling a much greater distance from the original release
point than the NAPL. Just the fact of recognizing the presence of NAPL in the subsurface was a dramatic
improvement over the eighties perception that anticipated only an APL plume with dissolved
contaminant mass sorbed and in solution. The new understanding in the nineties recognized the
possibility of contaminant mass existing as residual NAPL saturation and stationary NAPL pools near
the release point. Sites with non-migrating NAPL contamination are called CLASS 2 S sites. They are a
subset of Class 2 sites. The key defining characteristic of a Class 2 S site is that the NAPL is stationary;
that is, it is no longer migrating.

Sites that had a small amount of NAPL released, or sites that had the NAPL released over a short
period of time, will form stationary source areas of residual NAPL saturation. DNAPL sites without an
aquitard to induce horizontal flow, or one with a closed depression in an aquitard that induces pooling
can form a Class 2 S site. Small and medium size NNAPL sites can also form Class 2 S sites as can
LNAPL sites with a fluctuating water table.

Migration Paradigm Proposed in this Paper

There is another type of site however, that has not yet been fully recognized by either the eighties of
the nineties paradigms. These areCLASS 2 M_sites where the-NAPL plume is continuing to migrate,
often for very long periods of time and potentially for very long distances. Class 2 M sites are commonly
associated with hazardous waste disposal sites or any location where large volumes of NAPLs were
released over long periods of time. For these sites the principal migration mechanism must be consistent
with the magnitude or volume of wastes placed in the facility and the duration of the release. It may be
useful1 to think of the NAPL plume at a Class 2 M site as the primary transport mechanism and the
observed dilute solute concentration as a secondary cloud of contamination arising from the NAPL as it
movei through the aquifer. Because of the difficulty of dissolving large amounts of organic fluid
compounds into the ground water, most of the contaminant mass in this case will be in the migrating
NAPL plume rather than as an APL. Also, because of the retardation factor for dissolved contaminants in
grounfi water, the NAPL plume has the potential to migrate much faster than any associated APL plume
that might form from the NAPL. Of course residual saturation levels, viscosity of the NAPL, slope of any
aquitards and the hydraulic head within the plume will all factor into the speed and duration of NAPL
mobility, but as long as it is mobile the leading edge of the contamination will potentially be formed by
the migrating NAPL plume. Eventually, after the NAPL plume has naturally demobilized, subsequent
migration of contaminants will be as an APL plume. But because the contaminants have migrated a large

file://C:\WINDOWS\TEMP\99naplpaper.htm AR302739 12/3/99



99naplpaper Page 4 of 13
distance as a NAPL plume, the size and location of the APL plume will differ from what would be
expected had it originated only at the initial site location.

Supporting Discussion

Relative Velocity

The principal problem with the nineties perception (i.e., that of an APL plume having a vastly greater
areal extent than the NAPL source area) is the relative velocities of the two types of plumes.
Hydrophobic contaminants in an APL plume will flow with a retarded velocity. Because of the time
spent sorbed onto aquifer materials the average speed of the dissolved contaminants in an APL plume
will be reduced from the velocity of the ground water flow. A NAPL plume does not suffer from this
retardation mechanism. Rather, the hydraulic gradient as determined by the slope of the aquitard (or
water table in the case of an unconfined LNAPL) will generally be the determining factor in NAPL
migration velocity. In cases where both the APL and NAPL plumes are migrating horizontally the NAPL
will typically be faster. For hydrophobic compounds it is quite frequently faster; for hydropnilic
compounds it is less frequently faster. As a result, when both plumes are moving horizontally, the NAPL
plume will in most cases be the leading edge of the contamination. Dilute solute contamination
discovered away from the release point will be the result of the NAPL migrating through uncontaminated
ground water and having the contaminant compounds dissolved from it rather than the APL plume
migrating at a retarded velocity all the way from the release point as a migrating APL plume. In this case
the APL plume is the secondary manifestation of the principal migration as a NAPL plume. At Class 2 M
sites, models based on the assumption that hazardous waste constituents dissolved in ground water had
migrated from the source to distant sampling locations as an APL plume will not be accurate. The
expected dispersion of a dilute solute plume migrating with the ground water from a distant source to the
sampling point will not be observed in the case of a NAPL plume that typically leaves only a narrow trail
of dilute solute contamination that has diffused laterally from its flanks.

Retardation of dilute solute compounds that are hydrophobic is a real phenomenon (USEPA. 1988).
Octanol/water partition studies are often performed to determine the relative propensity for a molecule to
partition between a polar solvent and a non-polar solvent, or to spend time at the interface of a solid and
the polar solvent, however, the mechanism of retardation is not widely understood. If the non-polar
solvent is stationary and the polar solvent is flowing, the average migration velocity of the contaminant
will be the time weighted average of the velocity while flowing and the time the molecules spend moving
at this velocity and the time they spend at zero velocity while sorbed.

Depending on the Octanol/water partition coefficient (table 1,2,3,4), the equilibrium ratio of the
number of molecules that are stationary to mobile molecules will vary. It may be 10:1; 100:1; 1,000:1; or
more. The greater the ratio, the slower the average velocity of the contaminant. It is important to
remember that APL plumes with more than one contaminant will show different velocities for each
contaminant. It may be useful to visualize each contaminant forming a separate, but overlapping plume,
with the relative velocity of each contaminant determining the length for each plume.

The retardation of dilute solutes is most frequently modeled as a function of the fraction of organic
carbon in the aquifer porous media. Table l.,2,3,4, 0.1% Hazardous Waste Migration Animation,
aftd 1 -0% Hazardous Waste Migration Animation, are all based on various fraction of organic carbon
(Foe) in the aquifer porous media. Foe's of 0.0002, 0.001,0.002, and 0.01 are presented. The literature
varies as to when the Foe retardation mechanism dominates and when other retardation mechanisms
dominate. Some modelers model based on actual Foe for high values of Foe and use a minimum value of
Foe when the actual is below the minimum value. The OSWER Technical Directive 9285.5 (SEAM,
1988), Olsen, Davis, (1990), Scwharzenbach (1983) suggests using Foe minimum of 0.001. McCarty
(1981) has developed an equation that relates the retardation due to Foe and surface area as a function of
K.OW of the contaminant. For contaminants with Kow of 1-3 the inflection point is consistent. For
contaminants with Kow 4 and above the inflection point moves to lower Foe's. Karickhoff (1984) .̂ _
developed threshold values at which the surface area contributes significantly to retardation. Four Foe's
are provided so that the reader may evaluate the issue based on their own understanding and preference.
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Partitioning of dilute solutes from solution to the interface between the solid surface and the polar
solvent also occurs due to the reduction in Gibbs free energy. This retardation mechanism occurs but will
not be presented in this paper. Cation exchange also causes retardation of dilute solutes, but will not be
discussed in this paper. Specific chemical interaction between the dilute solutes and aquifer solids also
can cause retardation. It is very compound specific and thus is far beyond the scope of this paper. All
these additional mechanisms wjll pause more retardation than presented based on Foe.

We have prepared animations of two Foe's to help convey the relative velocity of the APL plume
compared to the NAPL plume (0.1% Hazardous Waste Migration Animation, and 1.0% Hazardous
Waste Migration Animation). The 6.1% Hazardous Waste Migration Animation is based on the 0.001
Foe minimum Foe interpretation. The 1.0% Hazardous Waste Migration Animation represents an order
of magnitude higher Foe. Typical aquifer media Foe's may range from 0 to 0.0075 (Pankow, Cherry,
1996). Sites where the granular porous media was formed from parent rock that was sedimentary in
origin may have much higher Foe. Peat, and Lignite deposits may exceed Foe of 0.5 .

The Blue tint represents the dilute solute migration, each specific compound having a slightly
different frequency. The Red tints represent the highly saturated and residually saturated NAPL plumes.
The Animations are based on the assumed condition that the ground water and NAPL plume are moving
at the same horizontal velocity. Since the relative velocity of the ground water and the NAPL plume can
be dissimilar; there can be conditions where the low Kow contaminants can move more quickly than the
NAPL plume. For higher Kow's the APL plume will be slower than the NAPL plume. The break even
point will change with the relative velocity of the ground water with respect to the NAPL plume, the Foe,
and the Kow for the contaminant.

(Click for detailed discussion)

Relative Proportion of NAPL Area to APL Area

Until it has dissipated itself by leaving its entire mass as a trail of residual saturation (and dammed
pools), a NAPL plume will generally migrate faster than an APL plume that is moving at a retarded
velocity. Once the NAPL plume has used up its mass it will cease to move and the APL plume will be
the only remaining mode of contaminant transport. By then, however, the greater mass of the
contamination will have been spread far beyond the limits of the plume representing the movement of
contaminants from the release point in the dissolved phase alone. Due to the difference in speed while
both plumes are mobile, it will take some time for the APL plume that originated at the release point to
catch up with the leading edge of the NAPL. In the meantime, the NAPL will continue to be a source for
contaminants to dissolve into the ground water and form a secondary cloud of APL contamination.

A major problem with the eighties and nineties paradigms is the relative horizontal extent of the
NAPL and APL plumes. According to these paradigms, the APL contamination should form the larger
plume with the NAPL (if present at all) acting as a source area restricted to a relatively small region near
the original site. However, the maximum time available for the contamination to have migrated from the
release point to the sampling points where it has been observed is frequently insufficient for it to have
traveldd such distances entirely as an APL plume moving at a retarded velocity due to sorbing. Observed
APL contaminants in these situations must have been transported in the subsurface as part of a fast-
moving NAPL plume and were subsequently dissolved into the ground water near the distant location
where they were sampled. This would explain the presence of APL contaminants found at sampling
locations beyond the point that could have been reached by APL transport alone within the time allowed.
Contrary to the old paradigms, we believe that for a significant length of time (tens to fifty years) the
NAPL plume is much greater in extent than the APL plume.

; (Click for detailed discussion)

Charging Time to NAPL Mobility Time Comparison

The length of time that a NAPL is mobile is a function of the duration of the charging time, and the
initial and residual saturation levels. The ratio of the charging time to the time required for the NAPL
plume to cease migrating because it has been entirely dissipated as a trail of residual saturation can be
estimated (Mercer 1991a,b). As discussed in the Relative Velocity section above, hydrophobic

file://C:\WINDOWS\TEMP\99naplpaper.htm fl R 3 0 2 7 k I 12/3/99



99naplpaper Page 6 of 13
contaminants migrate with a retarded velocity in APL plumes but are not retarded when migrating in
NAPL Plumes. Hence, the first stage of Hazardous Waste horizontal migration from a Class 2 M site will
usually involve the NAPL plume leading the APL plume. In fact, a secondary APL plume will be
dissolving from the migrating NAPL mass while it is moving away from the original source as well as
from the residual NAPL left behind. After the NAPL plume has naturally demobilized, subsequent
migration will be as an APL plume moving at a retarded velocity. This eventual change in the primary
transport mechanism from NAPL to APL ultimately changes the site from a Class 2 M to a Class 2 S site.s
In order to design appropriate remedial measures, it is useful to understand the length of time required for
the principal contaminant migration mechanism to shift from NAPL plume dominated to APL plume
dominated migration.

For simple cases the time can be estimated (click for Detailed Discussion). Estimates are based on the
ratio of the volume of media containing 100% of the released NAPL at an initial saturation level to the
volume of media that would be necessary to contain this same mass of NAPL but at its residual
saturation level. Based on the assumption that the NAPL plume will maintain a constant cross sectional
area sufficient to sustain mass flux, the variation in volume between the initial saturation and residual
saturation will be a entirely a function of length. With the additional assumption of constant hydraulic
conductivity and pressure gradient, the variation in length can be inferred to be proportional to the time
required for migration through the length. Typical hazardous waste disposal scenarios allow for the
further assumption of a continuous release over the charging time. This suggests that a fully saturated
NAPL plume volume generated during the charging time has a length equal to the horizontal velocity
times the charging time. After cessation of the release to the subsurface the volume of the NAPL-
contaminated media will increase due to the migration of the highly saturated front leaving a trail of
residual saturation behind. The NAPL plume will not stop moving until the highly saturated NAPL mass
at the leading edge has been completely diminished and left behind in the residual trail. The increased
volume of the NAPL-contaminated media at this point will contain, at a reduced saturation level, the
entire contaminant mass that was present in the initial highly saturated volume immediately after
cessation of the NAPL release. The ratio of residual saturation length to initial saturation length suggests
the ratio of the NAPL plume mobility time to the charging time.

The Importance of Recognizing NNAPLs
N

LNAPL plumes are expected to only contaminate the ground water near the water table and DNAPL
plumes are expected to contaminate the ground water at the bottom of the aquifer. After a great passage
of time, dilute concentrations can be disbursed over large vertical distances from the NAPL source mass
by lateral mixing and dispersion, but the process of vertical dispersion is much slower than the horizontal
movement of these same contaminants by advection with the ground water flow. Therefore, the detection
of dilute solute contaminant concentrations at large distances from a site and at middle depths consistent
with that anticipated for an APL plume has contributed to the misconception of rapid APL plume
migration. Such occurrences have been interpreted as arriving at the sampling location through APL
migration from the site. By circular reasoning, it may have been concluded that because the APL
contamination is found at middle depths at distant sampling points it must have migrated there as an APL
plume from the release site and therefore there is no need to model the APL plume migration. However,
contaminant velocity modeling may reveal that hydrophobic contaminants have been detected at
distances that turn out to be further from the release point than can be explained by retarded APL
migration alone. Because of their discovery at intermediate depths, neither LNAPL nor DNAPL
migration satisfactorily explains of their presence. Understanding how hazardous wastes migrate can
explain the presence of these dilute solute concentrations at intermediate depths and at distances from the
site which are further than could be achieved through retarded APL plume migration.

The key to understanding how contaminants are transported from the release point to the sampling
point is in understanding how hazardous wastes migrate. The actual trajectory of a migrating NAPL
plume can be very complex. Clearly there are cases where crisp LNAPL and DNAPL plumes occur. For
example (discounting variations in permeability, inclined high conductivity lenses, and cascading
migration over discontinuous aquitards that can affect vertical migration), a leaking underground storage
tank that contained gasoline will produce a crisp floating LNAPL plume; a dry-cleaning facility that
disposed of dry-cleaning fluid to an underground injection well or disposal pit will, after an initial
vertical descent through the aquifer, produce a crisp basal DNAPL plume. The main difference between
an LNAPL plume and a DNAPL plume is in the source of the NAPL and whether it
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contained unsubstituted or substituted organic fluids. B'utrfte assumption that all NAPLs migrate as
either a crisp LNAPL or crisp DNAPL plume does not take into account the very nature of many large '
hazardous waste disposal sites.

We are not aware of any hazardous waste disposal operations that bothered to place all the
unsubstituted organic fluids in one pit and the substituted organic fluids into another pit. If they had, the
density of the fluids would then, determine the NAPL migration tr̂ fe'ctory that the released fluids would
take - the lighter unsubstituted fluids would form a floating LNAPL plume; the heavier substituted
organic fluids would form a basal DNAPL plume. Typically, however, all organic fluids arriving at the
facility for disposal were placed into the same operating pit. This practice led to the mixing of the various
fractions within the pit. The density of the fluids released from the pit would then be a ftmction of the
types of fluids placed in the pit. If repeated truckloads of unsubstituted organic fluids were place into the
pit, then an LNAPL plume would be expected. If a long string of trucks unloaded substituted organic
fluids, such as TCE, then a DNAPL plume could be expected. More typically, a variable mixture of
substituted and unsubstituted compounds would be in the pit at any particular point in time. Although
mixing is severely constrained once the NAPLs are flowing through a porous media, the mixing
beforehand in the pit can be significant, and depending on the densities of the individual wastes, would
be quite capable of creating a hazardous waste mixture with a specific gravity near to that of water. These
near-neutrally buoyant fluids, or NNAPLS, may flow in large plumes in the undissolved state within the
ground water for long distances before finally sinking to the bottom. The speed of the contaminant mass
transport in an NNAPL plume would be equal to that of the ground water, not the much slower retarded
velocity of those same contaminants traveling as dilute solutes in an APL plume. (click for detailed
discussion)

Remedial Measures
Understanding how hazardous wastes migrate through the subsurface is essential to selecting an

appropriate remedial measure that will achieve success within a reasonable time frame. Failure to
understand how hazardous wastes migrate has resulted in failures to remediate because inappropriate
remedial measures were selected. A continued lack of understanding will cause continued failures
because the reasons for the remedial failures will not be corrected and alternate remedies will be chosen
that are equally flawed. The tendency then may be to declare the problem uncorrectable, when in
actuality it is only necessary to design a remedial measure that is based on the true field conditions.

The primary difference between the eighties perception of appropriate hazardous waste remediation
and that proposed in this paper is in the profound difference in the mass of contaminants requiring
removal and, hence, the mass-removal rate required of a remedial measure (_.._______^_, 1991,b).
Although the nineties perception of hazardous waste subsurface migration is a dramatic improvement
over the eighties, it still causes remedial measures to be chosen that will fail. To be successful, the mass
removal rate needs to be commensurate with the mass placement rate. Ground Water Pump and Treat
(GWP&T) systems typically remove 1 to 2 barrels of contaminants per year (table 5,6). This rate may be
sufficient for a CLASS i site. For a CLASS 2 M or a CLASS 2 S site that was a hazardous waste
disposal facility that received 2 to 20 truckloads (each containing 80 barrels of waste) per day for roughly
ten years, the mass released to the subsurface vastly exceeds the removal rate of GWP&T. In this
example, a waste mass of 580 thousand to 5.8 million barrels will require 100,000 years to 3 million
years to be cleaned up by using GWP&T. Even by factoring in the average fraction of liquids to solids in
the waste will only reduce the time by 10 to 20%; still much too long a time period for remediation by
this method (Skinner 1984). This is truly a hopeless miss-match. This miss-match is by far more serious
than the other 19 minor impediments to GWP&T that are discussed in the literature as potential
explanations for the failures of GWP&T. This paper proposes it as the sole explanation for the failures of
GWP&T when applied to Hazardous Waste disposal facilities

Literature's Twenty Impediments vs. The Problem

Since the author's explanation of the relationship between NAPLs and failures of GWP&T was not
successfully disseminated (as judged by the pursuit of remedial alternatives that have the same
limitation), this paper seeks to respectfully reiterate the author's explanation for the failures of GWP&T.

file://C:\WINDOWS\TEMP\99naplpaper.htm AR3027l*3 12/3/99



99naplpaper Page 8 of 13
In the literature, potential challenges to remediations are discussed with over 20 potential problems. This
paper suggests we need to focus on the single impediment that caused the failures of GWP&T in the
eighties. Without open discussion of this single major cause of the failures of GWP&T, we will continue
to use remedial measures with the same limitation, and we will be afraid to use GWP&T in some of the
cases where it is perfectly suitable. Misunderstanding how hazardous wastes migrate is the cause for the
failures of GWP&T. A more viable understanding of how hazardous waste migrate is essential for
effective site characterization and selection of remedial measures that will not fail in the same way as ^
GWP&T has. This is not to suggest that the other 19 challenges are not challenges, they are. Site
remediators in the eighties were aware of them, so they did not cause the failures. Rather, the one
problem that they were not aware of was the cause of the failures.

The 19 minor factors suggested as explanation for the failures of GWP&T were present at the sites
where GWP&T was working and the sites where it was failing. They are clearly factors that are true and
they are difficulties; however, they were not the cause of the failure of GWP&T for any of the sites in the
study (Mercer

Class 1 sites can be easily cleaned up by using GWP&T because its mass removal rate is similar to the
mass placement rate. GWP&T will also work in Class 2 S sites to contain the APL plume area, or to
remove it once the residual NAPL portion of the site has been addressed by other means. However,
GWP&T will not remove contaminant mass at a sufficient rate to address a Class 2 M site or the NAPL
area of a Class 2 S site because the mass removal rate of GWP&T is grossly inadequate when compared
to the mass placement rate ( ___ ___ __ , 1991,b).

Knowing whether a site is a Class 2 M site or a Class 2 S site is important in order to grasp whether a
Class 1 type remedial measure will work on a region of the contamination. GWP&T can be used to clean
up areas solely contaminated with APLs, if they exist. If the dilute solute contamination in a region
represents the secondary cloud of APL contamination surrounding a NAPL plume, GWP&T will fail in
that region (i.e., all of a Class 2 M site and the NAPL area of a Class 2 S site) because the NAPL will
continue to feed dissolved contaminants into the ground water. As previously discussed, once a mobile
NAPL plume has dissipated itself by leaving all its mass in a trail of residual saturation (Class 2 S), all
subsequent contaminant migration will be as an APL plume. With a relatively small release and
sufficient time, the area of APL contamination may be large enough to treat separately from the residual v*
NAPL contaminated area. For a spill or other short-term release, this may occur in within a reasonable
period of time. For large releases, such as from hazardous waste disposal facilities, the amount of time
required before the APL plume can be successfully treated independently of the NAPL contamination is
much too large (potentially on the order of tens of thousands of years or more) for GWP&T to be an
effective remedy.

Triple Train Technique

Successful response to NAPL contamination at a Class 2 site requires a mass extraction or destruction
rate that is similar to the mass-placement rate (: _______ 1991b). Because the contaminants exist in
three forms (mobile NAPL plume, residual NAPL saturation, and APL contamination), remediation
requires three discrete unit operations applied in sequence (the Triple Train Technique). Each unit
operation addresses a single form of contaminant in the migration cycle of a site from Class 2 M through
Class 2 S to Class 1.

1st Unit Operation (for Class 2 M sites)

The first stage in triple train remediation must achieve a high mass removal rate in order to remove
large volumes of NAPL that is capable of contaminating many thousands of times its mass of ground
water. This mass is the highly mobile concentrated threat to the surrounding currently uncontaminated
ground water. An area highly saturated with mobile NAPL is best remediated with direct pumping of
the NAPL by means of one or more wells placed into the NAPL plume. NAPL plumes may vary from a
few inches to 20 feet or more in thickness. It is very important to fully understand the geology of a site i
order to accurately identify where the NAPLs have, or are likely to have, migrated. A thick NAPL plumt
is more efficiently addressed with direct pumping than a thin meandering plume. Residual NAPL and
APL cannot be addressed through direct pumping because the residual NAPL (as a non-mobile source)
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will not flow into the extraction well and APL contamination does not contain NAPL. If there is no
mobile NAPL plume, or if the mobile NAPL plume is small and/or hard to find, there may be no choice
but to skip this first step and move on to the second, recognizing, of course, that success in the second
step might take longer to achieve because of the lesser mass removal rate efficiency .

2nd Unit Operation (for Class 2 S sites)

Because residual NAPL does not flow on its own, it cannot be addressed by direct pumping and,
hence, requires a secondary recovery technique. A common theme for the second stage of triple train is
the need to mobilize the residual NAPL so that it can be removed (or destroyed) at a high mass removal
rate and not act as a continuing source for contaminants over the course of several centuries. Some of
these techniques are adapted from the petroleum industry. They are:

- Surfactant flushing for mobilization of residual NAPL fluids
- Solvent flushing for mobilization of residual NAPL fluids
- Water flooding, and
- Thermal mobilization of residual NAPL fluids.

Some useful techniques that are not adapted from the petroleum industry include:

- Soil vapor extraction
- In situ oxidation of the NAPL fluids, and
- Thermal volatilization.

3rd Unit Operation (for Class 1 sites)

After the mobile and residual NAPL has been removed through the first two stages of triple train, the
remaining contamination will be dilute solute contamination that can readily be addressed by GWP&T
or other measures that work on the dilute solute contamination. These techniques have a mass
removal/destruction rate that is commensurate with the contamination levels associated with Class 1
sites. Some of the measures that can be effective for APL contamination are:

- Ground water pump and treat (GWP&T)
- Bioremediation
- Natural attenuation
- Surfactant flushing focused on dissolution of NAPL mass
- Solvent flushing focused on dissolution of NAPL mass
- In situ oxidation of aqueous contamination
- Fentons
- Hydrogen peroxide
- Metal permanganate
- Dissolved oxygen
- Air sparging
- Bio air sparging, and
- Ground water gradient control to stop migration of an APL plume.

C _________ _ _ )

Remedial Alternatives that Do Not Address the Problem with
GWP&T

It is not only important to understand how hazardous wastes migrate in the subsurface, but also to
determine the approximate total mass placed at the site and whether it is likely to be present in NAPL or
APL form. It should be pointed out that none of the Class 1-type remedial measures (3rd unit operation of
triple train listed above) are effective when NAPLs are present, and though they, may be somewhat
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interchangeable as alternatives for APL remediation, they cannot be utilized effectively for NAPLs. As
discussed below, caution must be exercised so that these techniques are not mistakenly advocated as
possible alternatives for GWP&T in those cases where the presence of NAPLs (either recognized or
unrecognized) was the root cause of failure, otherwise the supposed alternative approach will also fail.

Class 1 sites can be addressed effectively with Class 1 remedial measures. Although Class 1 remedial ._
measures cannot be efficiently used as the sole remedial measure at Class 2 sites, they can play an "
ancillary role in the remediation of these sites when multiple techniques are used. Unfortunately, some
Class 1-type remedial measures have been attempted at Class 2 sites as suggested alternatives to
GWP&T. The expectation seems to be that these alternatives will perform better than GWP&T. If the
total mass of the contaminant is limited (as in an APL plume), the alternative might work; however, the
typically much higher mass in place at a Class 2 site suggests that these alternative remedial measures
will produce the same disappointing results as the GWP&T remedy that was so readily employed in the
eighties at sites where it was not appropriate due to the presence of NAPL. Although they have similar
mass removal rates, many of these alternatives remedial measures are more technically complex than
GWP&T and may involve the introduction of large volumes of adulterants to the environment. In those
instances where NAPLs are present, the use of more technically complex remedial alternatives (but with
equally slow mass removal rates) will not necessarily achieve better or faster cleanup results.

Bioremediation

Bioremediation is often suggested as a remedial alternative to GWP&T. It, however has similar mass
removal/destruction rates. Because of this, it does not increase the mass removal rate sufficiently to equal
the rate necessary to remediate the contaminant mass present as NAPL in a Class 2 site. Bioremediation
may be appropriate for a Class 1 site, but then, so might GWP&T be appropriate for a Class 1 site. In
making the determination whether to utilize GWP&T or Bioremediation, one has to be assured that the
biodestruction will progress all the way to mineralization (e.g., carbon dioxide) and not just change the
molecular identity of the original compound into another form of contaminant left in solution. In order to
get the microorganisms to thrive, it is frequently suggested that additional nutrients be added in order to
be co-metabolized with the contaminant. The volume of additional nutrients that must be added is often
much greater than the mass of the original contaminant. The volume of added nutrients becomes
prohibitively massive if the contaminant is present in concentrated NAPL form. Furthermore,
Bioremediation can only address the dilute solute contamination. The microorganisms that are utilized
for Bioremediation physically cannot survive in NAPL; the osmotic pressure causes their cell walls to
burst. Therefore the microorganisms can only thrive and survive in the dilute solute in APL form once it
has been dissolved out of the NAPL phase - a process that will take just as long as GWP&T of the APL.

(click for detailed discussion)

Natural Attenuation

Natural attenuation has also been proposed as a possible solution to the failures of GWP&T. In this
approach, monitoring is conducted to confirm that contaminant levels indeed drop over time and to warn
of any potential problems of a critical nature in time to be remedied. Natural attenuation usually involves
less active human participation than does Bioremediation, and because it is basically a passive approach,
one can expect slower rates of contaminant mass destruction than with Bioremediation. For Class 1 sites,
natural attenuation may or may not be effective in achieving desired goals, however the monitoring
required by the approach will guard against possible problems. At Class 2 sites, on the other hand, the
very fact that NAPLs are present to serve as a continuing source of slowly dissolved contaminants in the
ground water dictates that any natural attenuation of the APL phase that may take place will be on a
geologic time scale rather than a human scale. (click for detailed discussion)

Surfactant/Solvent Flushing to Achieve Dissolution of NAPL Mass

Surfactant/solvent flushing of NAPL entrapped as residual saturation in the subsurface can be
implemented with two distinct results-oriented goals. One is to mobilize residual NAPL to make it move
in NAPL form; the other is to increase the dissolution of a stationary NAPL mass so that it dissolves
faster into the ground water as an APL. The first is a common secondary recovery technique employed
by the petroleum industry to enhance crude oil recovery in depleted formations. The second approach,
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while it might superficially seem similar to secondary crude oil recovery techniques, is not used as a
secondary recovery technique because the quantities of water that would need to be produced in order to
market a barrel of recovered crude oil would be astronomically expensive.

For the curious reason that the desired result of mobilizing the NAPL is often mistakenly seen as a
potential handicap for remediations, the first approach to surfactant/solvent flushing is often avoided.
Even more curious is the apparent popularity of surfactant/solvent flushing with the stated goal of
increasing the dissolution of the NAPL mass as an alternative to conventional GWP&T. Solubilization
efforts have been shown to increase the solubility of a NAPL 5 to 50 fold. In theory, the NAPL is
dissolved faster into the ground water because of the surfactant/solvent flushing and therefore made
available for removal through GWP&T. Though this may seem a significant increase in efficiency, that
fact remains that it falls far short of what is necessary if the NAPL is to be extracted through dissolution
and subsequent treatment of the APL. For example, a site with 250,000 barrels of NAPL that manages to
extract! 1 barrel per year through GWP&T will take 250,000 years to remediate; whereas the same site
with a 5 to 50 fold increase in solubility will still take 5,000 to 50,000 years using surfactant/solvent
flushing for dissolution. Realistically, we must achieve cleanup in less time than this.

Surfactant/solvent flushing for the mobilization of NAPL, rather than its dissolution, can reduce this
time to a number of years instead of millennia. Mobilization is the stated goal of secondary crude oil
recovery and should not be avoided in remediations. While mobilization of residual NAPL is necessary
in order to remove it, there is the potential for the mobilized NAPL to move in unwanted directions.
Clearly the catching wells need to be in place before any mobilization activities are begun and the
capture strategy should be well thought out before hand. Other safeguards should be considered as well.
Contracts, for example, could be written so that catching activities could be run to completion even if
administrative functions such as funding are disrupted, or at a minimum, mobilization activities should
be shut off at the first sign of a disruption and any mobilized NAPL should be captured before
terminating site activities. With proper design and safeguards, a NAPL mobilization project could form
the basis for the second step in a Triple Train remedial approach to NAPL contamination.

In Situ Chemical Oxidation of Aqueous Contamination

In order to chemically oxidize dissolved organic contaminants in situ, chemical adulterants must be
introduced into the ground water in order to react with the dilute solutes. In situ chemical oxidation of
aqueous contamination has been explored as an alternative to GWP&T. However, in instances where
GWP&T has failed due to the presence of NAPLs, chemical oxidation of the dilute solute contamination
will do nothing to address the basic mass removal/destruction rate problem that plagues GWP&T. It
simply takes too long, at ambient temperatures, to wait for the contaminants to dissolve out of the NAPL
so that they can then be removed or destroyed. When used in conjunction with thermal mobilization,
however, in situ oxidation can be useful to destroy mass at a rate that will supplement the secondary
recovery technique.

For the amount of contaminant mass present as an APL at a typical Class 1 site, the stoichiometry of
2.3 to 5.6 pounds of adulterant per pound of contaminant may not be a significant problem. However, for
an average Class 2 site, the mass of adulterant that must be introduced at a ratio measured in some
multiple of the contaminant mass present in NAPL form will be costly and present difficult logistical
challenges. For reagents such as oxygen and hydrogen peroxide, the reaction products left after oxidation
are not problematic, but for adulterants such as potassium permanganate, the potassium and manganese
reaction products left after the oxidation must then be addressed. In the case of a Class 2 site with
thousands of barrels of NAPL present, many times this amount of potassium permanganate will be
required, and the potassium and manganese reaction products (in proportion to the mass of adulterant
added) will themselves require flushing and extraction, (click for detailed discussion)

Ground Water Gradient Control to Stop Migration of APL Plume

Ground water gradient control has been practiced at many sites to stop migration of APL plumes. This
approach has worked well at Class 1 sites (i.e., where there is only an APL plume). When properly
designed and perpetually operated, it can be effective at Class 2 S sites as well as some Class 2 M
LNAPL sites where the LANPL will drain into the cones of depression around the recovery wells.
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However, it is not an effective approach at Class 2 M DNAPL and NNAPL sites because the NAPL in
these cases can flow underneath or otherwise bypass the gradient control wells. In this case the gradient
control wells may stop that portion of the APL plume that is up-gradient from the well field, but the
faster and much more concentrated NAPL plume will continue to migrate. As the NAPL moves down
gradient it will form additional dilute solute contamination beyond the gradient control well field.

--_

Conclusion

A NAPL plume is a million times more concentrated than a 1 ppm APL plume dissolved in ground
water. The NAPL may flow through an aquifer 100 times faster than an APL plume that has a log
Octanol/water partition coefficient of 5 (i.e., lindane). It is therefore appropriate to think of the NAPL
plume as the primary hazardous waste transport mechanism at Class 2 sites and the dilute solute
contamination is a secondary effect of the NAPL contamination. An example is the Hyde Park site
(Conestoga-Rovers 1989a,b) where 99.97% of the released hazardous waste mass was present as NAPL
and only 0.03% as APL.

The failure of GWP&T to remediate some sites in the past was not due to failures in the design. Pump
and treat wells produced the gallonage that they were designed for and extracted the contaminants at rates
commensurate with the concentrations in the ground water near the well screens. They did not fail to
produce the contaminant mass at the expected rate; rather the failure was in not extracting all the
contaminants from the ground water. It is our belief that the failure to extract all of the contamination
was due to a lack of understanding of how hazardous wastes migrate, thus leading to a failure to
characterize how much contaminant mass was actually present. Calculations performed on defined APL
plumes at hazardous waste sites have never shown more than the equivalent of one truckload of
hazardous waste dissolved in the ground water even though many hundreds of truckloads of hazardous
wastes may have entered the sites. Conservation of mass needs to be considered in order to plausibly
explain the migration pathways of released hazardous waste.

Because of the failures, some have suggested the summary abandonment of GWP&T as a remedial
measure (Travis 1990). This is unwarranted. Though ineffective for NAPLs, it continues to be
appropriate for dilute solute contamination. However, use of remedial measures that extract contaminant
mass at a GWP&T rate will not be successful if mobile NAPL or its residual saturation extends into the
region that is incorrectly believed to contain only dilute solute contamination. In order to make the
appropriate decisions, quantitative modeling of the relative velocities of the APL and NAPL plumes
needs to be performed as well as quantitative determinations as to whether the mobile NAPL plume has
yet become naturally demobilized.

Triple Train is the appropriate containment/remediation technique to use at Class 2 sites. Remedial
measures need to extract or destroy the contaminant mass at a rate that is similar to the placement rate if
we are to remediate successfully in a reasonable time frame. Remedial techniques that are effective only
for APL. even those that seek to increase the effectiveness by 5 to 50 fold, do not provide the mass
extraction rate necessary to remediate most NAPL contamination. Techniques such as bioremediation
and solvent flushing for dissolution of the NAPL do not address the mass removal rate problem because
these techniques are still limited by the extremely slow rate of NAPL dissolution and the time it would
take to totally convert all the NAPL mass into the dissolved phase.

We all share the goal of protecting our environment, but in order to be effective our remedial efforts
need to be based on sound science and an accurate characterization of site conditions. If correct, the
issues presented in this paper reflect an improvement over the ideas of the past, however these issues
have not been widely disseminated or accepted to date. Your thoughts, constructive criticism and input
are welcomed. Please post your comments and discussions so that all may benefit.

Click for References
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in ar »d]*c*ne t»
by chs Authority.

_J MDXUNa IXQUttXKC ALL OWXM B? iKPJLQVO IIOFE1TX L.CAtlS . r r-»
KWIN TIB ICWUGK OP tAKAqt/A AMD iCCS _..»!__ tfl WB JUJIIC WAjflT̂  W f *+**+•
SVS7B! OWD «* IE. XAUQUA AUA WAltfc AtTTflOWtV TO COKKCT
:HtUUlTlj UmiCTlSW THt 0tt Of PR1VAU SCCHEZS: 9Kn_«S

irj_tQ KATtBtSi AND ?USCniBZKG ?13A_,TIES ,m VIOUTIOS.
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ARTICLE II
usr or nine VA.SR

fat or muc tfAa SYSTTH KIQ-JTRIP.
StCiICN jt.JU. The Ovnte of *oy _Bpr«vBd, >ropeity whicb i_ locice- vttaln th«
eotpsrie* iieJt* of tke lorouib. ol ?-_uf]L«t excess my Improved Jteperty vMc
constitute* u indui.ru. eiCkbU'hecGC vhieh n.i it* ava supply o( weter for
wit oth«r ilun tlU.lv »ud/or ee.rlcult.rll ̂ 4t Or _-bfi_a?cian, and i_ccpelH|
eny .oprcvei P_ap«rCy vhith •• of th, eff.eeiv* a«tt flf tMi OrdlAtaee i»

ttrvo, by B i?c-vi>te later saurct. and vho.t princlp*l ivilldioj or
• vichln one hundred £i,ty (ISO1) f*«t o£ tk« ?jbllo V«t*f

•hill car.n«ee «uch t«provt_ Frap«tiy vieX ind »htli -•• w;h public V
IA tacH MfA«r ii ehi Joreyfh tnd/ot Au;hortiy nay rtq.lf*. within i_iry (£01
day. after .eeicc to iuch OIMBT fro* tK< BorB_|h t« »*k« #g,K tonatetion; mbjtct
CQ «vcb li*ic»tl(XB* »ud /««trieeioie «» «»y bt .•t*bltsb€_ herein or ethtrviie
IS4-1 tc C«t«blished by tk« lorcuch indyor Authority. If eh« Bdro'Jfb *n4/0r

ch« Authority diCB9-JiBB thte ic <4tmec TB*B«B.»ly a*it th* coa__«;ten: ta
_a0rov*4 ^.cparey BjU/or e.vnac provide .d«<{UAC* vartr prentice, cbk
•»d/or tht AMt&OKi-X iJull ««HJt »uch pzoperty fron tKd c>quiFcc«ac cc *»• chc
public «»**r Sy«t»n,

j,9|. It ihCl DB un;«v.ui far uy owner, IB.SCC. OT oacupltr ol *ay
I&prav«4 ?rta party le the Boraush tc .Bplcy 4ny mtBas e/ =ro»»-t30ott:inj 4
other wati; aeurcc CQ C_c public U.ccr Sy«t««, lneLj<llng jerviea llm. -tr,4

- by eh4»« teevieti, *TIVBC< v«t«z »9urc»«, -neludiCR v*U§( aiy
o -• UM- by th« OwnBZ o< I»pr*v«d fro?«ity so long u the ?riv*c«

v«t«r love* i* roc u>id for dooBicte purpose* (ir.el-jdiet u^e *T ----»--_§
urpBKB. er -jit«i«tn(v»etcd .e eh« p_blj_ uaitr 3>.e_*. thi«

li-i icing cXi u«« of privte* water icuree* i*«ll nac Apply t» owtri
of tnprav44 iTOpttty vfaea* prlnei-pU building tnd/or BcrueCutv U pet vt:t,in
on* ttUQdTid !ifty (UO1) lett at tht p.6Uc W*c*r Syius or whose I.-P.OT*,
Frif-icy it e*«»pt€o fraa the r«<]u.r*icflT ta us« Chc pu&iic VtCBT Sy»f*e ?^
CO :ft4 ?XBvl4l9B Of S»,rlOO l.DL,

..03. t>t CTwncr ar Ountr* of ch, »foTenBn.ciontd tmprov_d Property
in Stecle* l.Oi h»r«ef «li*ll piraic the ioxough ud/ar

-«Hjn»t«d UBptcEor full 4cd ca-tplete icctt) to 4U U'«ttr Sj«c««
in «4en bullAlet *<-d i» and »b«ae B!! p»rt* of eh* proptrty Xer th« purpose* of
l3»p»ctln0 s*td fuciiltiif.
SCCTIOH 3.S*. ZhB natict by thU Boreuî i to «*ch Ovntr of Improved P;op«rtr Co

e th« puklte H«e«r Sytt«* rtfcrr*- .9 ifl $ccti»a Z.01, Bh«I.
» copy «t iM» 0*di»i_nc«, lasl.dir.g *c\y BnenMBnif tc Ch4 -.IM lit

effect, And « vrictea -i priaceij docunea. rcqitirini *uch e»ntnctton ia _c--rd«ac«
wish tht prwiii_)B ol oils Crdi-uaet and .pBc&fyini thtt ,\ieh conntcclOB ihAli b<

vi.kis il_tty (£0) day* fra* th« d«c» tuefe notice Ii gtv«n. $ueh r.oslec m»y
|_v«a *c *ey -tow tfcir tht publl: Utttr SyBtui is tn pl*c* nhlcK will provide

w*c»t to chB p»rti.ul«r Iqprovtd 7rep«rKy in nccdr-Anee tfl'cb Section 2.01.
aotict «h«il b* •«rved upon t>,« duncT of Bu,cb improved Property tith«r by

per.ooal ««rvie« or by rBfiBtend •«!!. xemra receipt X4qu«iced.
Sec?:ô a.03. Ali ierv.ce -Q»*etl«e-r •h»H .»« »»de .y «»h 0«n«* •/ ...proved

puriuar.t .« the rul«» 4t>d ttg.L-ticm of tbi Auth.orit7-

JUN 16 19« 15ISI . ««=.«
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„,,,.-.. *.i.4l'l l/:^ 250 TEL:2I2 859 8585 P 004
06A18/9fl WH) 15:49 FAl 7J2 857 082* READE m-lAti tU-AiKUtN

**0 earUHAKCE NO. 513 (COKTt.)

ARTICLE II?

Any ptrto-i fin BT corporiclaa who shall
at (bin crdi-aaee «h*ll, upas ec aviation tKeraof, b* subject ea p*y e line of
tat tat* than five Huadte. (4500.00) Jotijrt, .efo.har vl.fc eha co«ta of

»

pr«eeeuUen in «»cb ceie. tich d*y tb«t • vloUtlon of tble Or4icar.cc

AXTtCL-C IV

4.01. All ordt-wruees or ?*rt« p( QtdlaBnctj which art iceoruii»ei&e
*re hereby ripuled..

AKTIC1E V

If Any Biatenec. cUus*. eeccita BT e-jtt of chit Crdinance it
ier »y r44«on, X040- ca b« uaeoncelcaciaazl, lll«|il or inv-Ud, *ueh
uccaTUCit-tieBalUy, lllej«nty ar Xa«lidity •**_,!. Mt affect er iapair eny
at Ue r«Ktl_)Uf pr.wiiion*, centeaee.r, cZiUtee, <oetioo« or j*rtB of thi«
Ordiiuaec. It _• h«reV7 d«el«TBd BB the inteot of tb.e »o rough of TuufuJi th

Ordie-u-ce twuXd >uv« been tdopci^ htd luctl uaceatticuttoMl. 1. ..»(&!. or
•e-Ccact. =i*.»e, ••cCien or,f«rt ch*r««f. a«t have -«*a

StCTIJS e.Si. This Orala*-e» JS»U b«co«a •ffeectw
-.H-TCLE VII

or
V / secTica 7. ot . Ic i. Hen./ d.<Urt<j that the eucfa*n. cf :hii ordlua.B u

n««ee«ery fer ehe protBCtion, t»«flC, aad f r«serv*ci.n ef the he«lth, e*fctyf
*nd v«lf«f. of the iahm-i E4«rB B< the lerooth of T«Mqu4.

OUUtNZD AND EHACTED thie 19eh d«y oC Hay, 1999. by th* Ceua&U ef tK«
loe«u||t( 91 ;«»«̂ t̂ ta Uv/ul ••••tor. duiy aajemblfd.

lOlflDCV OF TAKAQCA
ly: Pet rra«ti'SCBfBqe'it ____ ___

~—**£r

3r.

.ecre.Bry
by _. (Me L9th diy of >Uy, 1999

1, Kevin A. Uilgarvi..., SecrtcAry ot the Boiouih of 7ui«,ui, do bariiy errtify
ek«c cb4 above i« a txva end _BCXI«C ccpy a{ B» otdJ-wacB duly put Id by Council.
liinri by officer* ud «ppr«v«i by eht M»yor of ttid l«rou|)) an e*id data
Udieacad eh«r*i»; -bat C)M •*«• hw »«»» iuly reeor-*-! _n Uia KHtigh Ocdiatnee
look; ttld t9a ••«« VU duly *<«blil)ttd i« Cke Tivea Heva, a flevtpaper */

elrsuUtioo in eha lo rough, Hey 4, 1999.

Kevin A.. -tc.ier*tlt» Scere:i?7

JUN 16 1999 15 = 52 AR302753
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APPENDIX C
DETAILED COST ESTIMATES

This appendix presents a breakdown of estimated costs for each of the remedial
alternatives evaluated in this FS. In accordance with USEPA guidance, these estimated
costs are intended to have an accuracy of-30 to +50 percent. A number of assumptions
were made based on the site conditions as currently known. Actual costs incurred during
remediation may vary due to differences in site conditions relative to assumed conditions,
economic considerations, and selected cleanup levels or other variations included in the
final remedy(ies).

Material quantities (areas and volumes) were measured from the site figures, which were
prepared based on available data. Unit costs and mark-up percentages were determined
based on published estimating references (R.S. Means 2000 Site Work and Landscape
Cost Data), discussions with equipment technology providers, experience and quotations
for similar work performed at other sites in Western Pennsylvania, and professional
judgment.

R22-AppxC/lll
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TABLE C-1A
PRELIMINARY COST ESTIMATE

SHENANGO RIVER SEDIMENT ALTERNATIVE 1
NO ACTION

Estimated Estimated
Component Quantity Unit Unit Cost

Capital Costs j
Direct Implementation Costs \

Subtotal - Direct Costs
Indirect Costs

Remedial Design
Mobilization/Misc. Site Prep (5% of Direct Costs)
Site Administration (1% of Direct Costs)
Permitting/Legal Costs (2% of Direct Costs)
Construction Management/Oversight (10% of Direct Costs)

Subtotal - Indirect Costs
Contingency - 25% of Direct and Indirect Costs

Total Capital Costs
Operation and Maintenance Costs

Site Inspections/Maintenance
Five- Year Reviews (annuaiized cost)

Subtotal - O&M Costs
Contingency Reserve - 25% of O&M Costs

Total Annual O&M Costs
Net Present Worth of Annual O&M Costs

Total Net Present Worth of Alternative

Estimated
Capital Cost

$0

$0
$0
$0
$0
$0
$0
$0
$0

$57,647
$58,000

Estimated
Annual O&M

Cost

$0
$3,000
$3,000
$750

$3,750

brm\lll\gwtscosts.xls-sed-]
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TABLE C-1B
PRELIMINARY COST ESTIMATE

SHENANGO RIVER SEDIMENT ALTERNATIVE 2
LIMITED ACTION/NATURAL RECOVERY

Component
Caoital Costs

Direct Implementation Costs
Resedimentation/Attenuation Assessment

Indirect Costs
Remedial Design
Mobilization/Misc. Site Prep
Site Administration
Permitting/Legal Costs
Construction Management/Oversight

Contingency -

Operation and Maintenance Costs

Estimated Estimated
Quantity Unit Unit Cost

Subtotal - Direct Costs

(5% of Direct Costs)
(1% of Direct Costs)
(2% of Direct Costs)
(10% of Direct Costs)
Subtotal - Indirect Costs

25% of Direct and Indirect Costs
Total Capital Costs

Site Inspections/Maintenance
Biennial Fish/Sediment Sampling/ Analysis (annualized cost)
Five-Year Reviews (annualized cost)

Subtotal - O&M Costs
Contingency Reserve - 25% of O&M Costs

Total Annual O&M Cost
Net Present Worth of Annual O&M Cost

Total Net Present Worth of Alternative

Estimated
Capital Cost

$75,000

$75,000

$15,000
$3,750
$750

$1,500
$7,500

$28,500
$25,875
$129,375

$538,036
$667,000

Estimated
Annual O&M

Cost

$5,000
$20,000
$3,000

$28,000
$7,000
$35,000

brm\U l\gwtscosts.xls-sed-2 >•-«,• r» ** *T\ TV-I r<
revised 5/10/00 . r^ O H O T C O Ŝ UMMINGSRR3Q2758





TABLE C-1C
PRELIMINARY COST ESTIMATE

SHENANGO RIVER SEDIMENT ALTERNATIVE 3
COVER

Component
Capital Costs

Direct Implementation Costs
Access Agreements
Clearing

Area 14
Area 15

AquaBlok/Rock Placement (6" each)
Area 14
Area 15

Storm Sewer Video Inspection

Estimated
Quantity

1
0.5

25,000
20,000
7,500

Unit

Ac
Ac

SF
SF
Ft

Subtotal
Indirect Costs

Remedial Design
Mobilization/Misc. Site Prep
Site Administration
Permitting/Legal Costs
Construction Management/Oversight

Estimated
Unit Cost

$9,925
$9,925

$4.85
$4.85
$2.30

- Direct Costs

(5% of Direct Costs)
(1% of Direct Costs)
(2% of Direct Costs)
(10% of Direct Costs)

Subtotal - Indirect Costs
Contingency

Operation and Maintenance Costs
Site Inspections/Maintenance

- 25% of Direct and Indirect Costs
Total Capital Costs

Biennial Fish Sampling/Analysis (annualized cost)
Five-Year Reviews (annualized cost)

Subtotal - O&M Costs
Contingency Reserve

Total
- 25% of O&M Cost
Annual O&M Cost

Net Present Worth of Annual O&M Cost
Total Net Present Worth of Alternative

Estimated
Capital Cost

$20,000

$9,925
$4,963

$121,250
$97,000
$17,250

$270,388

$30,000
$13,519
$2,704
$5,408
$27,039
$78,670
$87,264
$436,322

$441,958
$880,000

Estimated
Annual O&M

Cost

-

$10,000
$10,000
$3,000

$23,000
$5,750
$28,750

brm\lll\gwfscosts.xls-sed-3
revised 5/10/00 _. ̂
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TABLE C-1D
PRELIMINARY COST ESTIMATE

SHENANGO RIVER SEDIMENT ALTERNATIVE 4A
LIMITED EXCAVATION AND COVER

Estimated Estimated
| Component Quantity Unit Unit Cost
[Capital Costs

Direct Implementation Costs
Access Agreements
Area 14 Costs

Delineation Sampling (PCBs)
Clearing
Temporary Sheet Piles (install/remove)
Dewater Excavation Area
Dredge Mobilization
Excavation of Sediments
Decant/Treat Water from Sediments
Sediment Transportation/Disposal

Non-Hazardous Landfill
TSCA Landfill

Backfill (Geotextile/AquaBlok/6" Rock)
Area 1 5 Costs

Delineation Sampling (PCBs)
Clearing
Reroute Storm Sewer Dicharge
Temporary Sheet Piles (install/remove)
Dewater Excavation Area
Excavation of Soil/Sediments
Decant/Treat Water from Sediments
Soil/Sediment Transportation/Disposal

Non-Hazardous Landfill
Backfill (Geotextile/AquaBlok/6" Rock)

Storm Sewer Video Inspection

100
1

10,000
30

725

1350
100

25,000

100
0.75
10

3,200
15
500

1000
20,000
7,500

Ea
Ac
SF
Day

CY

Ton
Ton
SF

Ea
Ac
Day
SF
Day
CY

Ton
SF
Ft

$100
$9,925
$22
$468

$50

$50
$160
$4.85

$100
$9,925
$3,440
$18
$468
$15

$50
$4.85
$2.30

Subtotal - Direct Costs
1 Indirect Costs

Remedial Design
Mobilization/Misc. Site Prep (5% of Direct Costs)
Site Administration (1% of Direct Costs)
Permitting/Legal Costs (2% of Direct Costs)

|| Construction Management/Oversight (10% of Direct Costs)
Subtotal - Indirect Costs

Contingency - 25% of Direct and Indirect Costs
Total Capital Costs

[Operation and Maintenance Costs
Site Inspections/Maintenance

1 Biennial Fish Sampling/Analysis (annualized cost)
| Five- Year Reviews (annualized cost)

Subtotal - O&M Cosu
Contingency Reserve - 25% of O&M Cost

Total Annual O&M Cost
| Net Present Worth of Annual O&M Cost
I , Total Net Present Worth of Alternative

Estimated
Capital Cost

$35,000

$10,000
$9,925

$220,000
J 14,040
$30,000
$36,250
$40,000

$67,500
$16,000
$121,250

$10,000
$7,444
$34,400
$57,600
$7,020
$7,500
$10,000

$50,000
$97,000
$17,250

$898,179

$60,000
$44,909
$8,982
$17,964
$89,818

$221,672
$279,963

51,399,814

i
!
i $441,958

$1,840,000

Estimated II
\nnual O&M|

Cost |

D

|
B

|

tt

tt
D
D
1

$10,000
$10,000
$3,000

$23,000
$5,750
$28,750

1
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TABLE C-IE
PRELIMINARY COST ESTIMATE

SHENANGO RIVER SEDIMENT ALTERNATIVE 4B
EXCAVATION TO 4 FEET AND COVER

Estimated Estimated
Component Quantity Unit Unit Cost

Caoital Costs
Direct Implementation Costs

Access Agreements
Area 14 Costs

Delineation Sampling (PCBs)
Clearing
Temporary Sheet Piles (install/remove)
Dewater Excavation Area
Dredge Mobilization
Excavation of Sediments
Decant/Treat Water from Sediments
Sediment Transportation/Disposal

Non-Hazardous Landfill
TSCA Landfill

Backfill (Geotextile/AquaBlok/Rock)
Area 1 5 Costs

Delineation Sampling (PCBs)
Clearing
Reroute Storm Sewer Dicharge
Temporary Sheet Piles (install/remove)
Dewater Excavation Area
Excavation of Soil/Sediments
Decant/Treat Water from Sediments
Soil/Sediment Transportation/Disposal

Non-Hazardous Landfill
Backfill (Geotextile/AquaBlok/Rock)

Storm Sewer Video Inspection

200
1

10,000
40

2900

5700
100

25,000

100
0.75
10

3,200
20
1500

3000
20,000
7,500

Ea
Ac
SF
Day

CY

Ton
Ton
SF

Ea
Ac
Day
SF
Day
CY

Ton
SF
Ft

$100
$9,925
$22
$468

$50

$50
$160
$12.55

$100
$9,925
$3,440
$18
$468
$15

$50
$12.55
$2.30

Subtotal - Direct Costs
Indirect Costs

Remedial Design
Mobilization/Misc. Site Prep (5% of Direct Costs)
Site Administration ( 1 % of Direct Costs)
Permitting/Legal Costs (2% of Direct Costs)
Construction Management/Oversight (10% of Direct Costs)

Subtotal - Indirect Costs
Contingency - 25% of Direct and Indirect Costs

Total Capital Cost
Oneration and Maintenance Costs

Site Inspections/Maintenance
Biennial Fish Sampling/Analysis (annualized cost)
Five- Year Reviews (annualized cost)

Subtotal - O&M Costs
Contingency Reserve - 25% of O&M Costs

Total Annual O&M Cost
Net Present Worth of Annual O&M Cost

Total Net Present Worth of Alternative

Estimated
Capital Cost

$35,000

$20,000
$9,925

$220,000
$18,720
$30,000
$145,000
$40,000

$285,000
$16,000
$313,750

$10,000
$7,444
$34,400
$57,600
$9,360
$22,500
$10,000

$150,000
$251,000
$17,250

$1,702,949

$60,000
$85,147
$17,029
$34,059
$170,295
$366,531
$517,370

$2,586,849

$441,958
$3,030,000

Estimated
\nnual O&M

Cost

|

|
tt

|
$10,000 H
$10,000
$3,000

$23,000
$5,750
$28,750

bnn\lll\gwfsco8t..xl.-SCd-4b _ r> ̂  H O "7 C \ f̂ UMMINGS
revised 5/10/00





TABLE C-2A
PRELIMINARY COST ESTIMATE

ALLUVIAL GROUNDWATER AND NAPL ALTERNATIVE 1
NO ACTION

Component
Capital Costs

Direct Implementation Costa

Indirect Costs
Remedial Design
Mobilization/Misc. Site Prep
Site Administration
Permitting/Legal Costs
Construction Management/Oversight

Contingency

Estimated Estimated
Quantity Unit Unit Cost

Subtotal - Direct Costs

(5% of Direct Costs)
(1% of Direct Costs)
(2% of Direct Costs)
(10% of Direct Costs)

Subtotal - Indirect Costs
- 25% of Direct and Indirect Costs

Total Capital Costs
Operation and Maintenance Costs

Site Inspections/Maintenance
Five- Year Reviews - Cost included in Sediment alternatives

Subtotal - O&M Costs
Contingency Reserve - 25% of O&M Costs

Total Annual O&M Costs
Net Present Worth of Annual O&M Costs

Total Net Present Worth of Alternative

Estimated
Capital Cost

$0

$0
$0
$0
$0
$0
$0
$0
$0

so
$0

Estimated
Annual O&M

Cost

$0
$0
$0
$0
$0

brm\l 1 i\gwfscosts.xls-gwnapl-l j^UMMINGS
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TABLE C-2B
PRELIMINARY COST ESTIMATE

ALLUVIAL GROUNDWATER AND NAPL ALTERNATIVE 2
INSTITUTIONAL CONTROLS WITH

MONITORED NATURAL ATTENUATION

Component
Capital Costs

Direct Implementation Costs
Deed Restrictions
Municipal Ordinance
Additional Monitoring Well Installation
Install Dedicated Sampling Pumps

Estimated
Quantity

34

Unit

Ea

Subtotal
Indirect Costs

Remedial Design
Mobilization/Misc. Site Prep
Site Administration
Permitting/Legal Costs
Construction Management/Oversight

Estimated
Unit Cost

$870

- Direct Costs

(5% of Direct Costs)
(1% of Direct Costs)
(2% of Direct Costs)
(10% of Direct Costs)

Subtotal -
Contingency

Operation and Maintenance Costs
Long-Term Monitoring Program Costs

Indirect Costs
- 25% of Direct and Indirect Costs

Total Capital Costs

Years 1 and 2 (Quarterly-Impacted and Delineation Wells)
Labor/Equipment/Reporting/Expenses
Laboratory Analytical Costs
Purge Water Disposal

Years 3 to 5 (Semi- Annually-Impacted and Delineation Wells)
Labor/Equipment/Reporting/Expenses
Laboratory Analytical Costs
Purge Water Disposal

Years 6 to 30 (Annually-Impacted Wells)
Labor/Equipment/Reporting/Expenses
Laboratory Analytical Costs
Purge Water Disposal

Long-Term Site Management
Five-Year Reviews - Cost included in Sediment alternatives

Subtotal - O&M Net Present Worth
Contingency Reserve -25% of O&M Cost
Net Present Worth of Annual O&M Cost

Total Net Present Worth of Alternative

Estimated
Capital Cost

$20,000
$10,000
$68,000
$29,580

$127,580

$20,000
$0

$1,276
$2,552
$12,758
$36,585
$41,041
$205,207

Net Present Worth

$251,020
$316,100
$3,719

$160,554
$185,255
$3,705

$162,174
$237,855
$8,109

$230,587

$1,559,078
$389,769

$1,948,847
$2,150,000

Estimated
Annual O&M

Cost

Annual Cost

$135,000
$170,000 j
$2,000 |

$65,000
$75,000
$1,500

$15,000
$22,000

$750
$15,000

$0

brm\l 1 l\gwfscosts.xls-gwnapI-2
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TABLE C-2C
PRELIMINARY COST ESTIMATE

ALLUVIAL GROUNDWATER AND NAPL ALTERNATIVE 3A1
DIRECT NAPL RECOVERY WITH

MONITORED NATURAL ATTENUATION

Component
Capital Costs

Direct Implementation Costs
Deed Restrictions
Municipal Ordinance
Phase I Direct NAPL Recovery

Pilot Studies
Dual Well Systems
Miscellaneous Piping/Equipment

Additional Monitoring Well Installation
Install Dedicated Sampling Pumps

Estimated
Quantity

10

34

Unit

Ea

Ea

Subtotal
Indirect Costs

Remedial Design
Mobilization/Misc. Site Prep
Site Administration
Permitting/Legal Costs
Construction Management/Oversight

Estimated
Unit Cost

$85,000

$870

- Direct Costs

(5% of Direct Costs)
(1% of Direct Costs)
(2% of Direct Costs)
(10% of Direct Costs)

Subtotal •
Contingency

Operation and Maintenance Costs

Indirect Costs
- 25% of Direct and Indirect Costs

Total Capital Costs

Direct Recovery System Operation - 3 Years
Energy Requirements
Miscellaneous O&M
Disposal of Recovered NAPL

Year 1 - average 250 gpd
Year 2 - average 150 gpd
Year 3 - average 50 gpd

-

Long-Term Groundwater Monitoring Program
See Alternative 2 for cost breakdown

Long-Term Site Management
Five-Year Reviews - Cost included in Sediment alternatives

Subtotal - O&M Net Present Wortr
Contingency Reserve -25% of O&M Cost
Net Present Worth of Annual O&M Cost

Total Net Present Worth of Alternative

Estimated
Capital Cost

$20,000
$10,000

$150,000
$850,000
$250,000
$68,000
$29,580

$1,377,580

$65,000
$68,879
$13,776
$27,552
$137,758
$312,964
$422,636

$2,113,181

Net Present Worth

$32,679
$680,812

$464,286
$265,306
$84,224

$1,328,491
$230,587

$3,086,385
$771,596

$3,857,981
$5,970,000

Estimated
Annual O&M

Cost

Annual Cost

$12,000
$250,000

$487,500
$292,500
$97,500

$15,000
$0
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TABLE C-2D
PRELIMINARY COST ESTIMATE

ALLUVIAL GROUNDWATER AND NAPL ALTERNATIVE 3A2
DIRECT/ENHANCED NAPL RECOVERY WITH
MONITORED NATURAL ATTENUATION

Component
Capital Costs

Direct Implementation Costs
Deed Restrictions
Municipal Ordinance
Phase I Direct NAPL Recovery

See Alternative 3AI for Breakdown
Phase n Enhanced Recovery (starts EOY 2)

Pilot Studies
Electricity Distribution Equipment
Electrode Installation
IPA Injection Well Installation
Miscellaneous Equipment/Materials

Additional Monitoring Well Installation
Install Dedicated Sampling Pumps

Estimated
Quantity

380
44

34

Unit

Ea
Ea

Ea

Subtotal
Indirect Costs

Remedial Design
Mobilization/Misc. Site Prep
Site Administration
Permitting/Legal Costs
Construction Management/Oversight

Estimated
Unit Cost

$1,500
$1,000

$870

- Direct Costs

(5% of Direct Costs)
(1% of Direct Costs)
(2% of Direct Costs)
(10% of Direct Costs)
Subtotal -

Contingency

Operation and Maintenance Costs

Recovery System Operation
Energy/Misc. O&M (Years 1 and 2)
Energy Requirements (Years 3 to 5)
Chemicals (Years 3 to 5)
Miscellaneous O&M (Years 3 to 5)
Disposal of Recovered NAPL

Year 1 - average 250 gpd
Year 2 - average 150 gpd
Year 3 - average 250 gpd
Year 4 - average 1 50 gpd
Year 5 - average 50 gpd

Indirect Costs
- 25% of Direct and Indirect Costs

Total Capital Costs

Long-Term Groundwater Monitoring Program
See Alternative 2 for cost breakdown

Long-Term Site Management
Five- Year Reviews - Cost included in Sediment alternatives

Subtotal - O&M Net Present Wortt
Contingency Reserve -25% of O&M Cost

Net Present Worth of Annual O&M Cost
Total Net Present Worth of Alternative

Estimated
Capital Cost

$20,000
$10,000

$1,250,000

$226,757
$526,077
$517,007
$39,909
$150,000
$68,000
$29,580

$2,837,331

$85,000
$141,867
$28,373
$56,747
$283,733
$595,720
$858,263

$4,291,313

Net Present Worth

$487,166
$182,785
$142,276
$617,517

$464,286
$265,306
$421,121
$240,640
$76,394

$1,328,491
$230,587

$4,456,568
$1,114,142
$5,570,710
$9,860,000

Estimated 1
Annual O&M

Cost |
1

0

Annual Cost

$262,000
$74,000
$57,600
$250,000

$487,500
$292,500
$487,500
$292,500
$97,500

$15,000
$0
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TABLE C-2E
PRELIMINARY COST ESTIMATE

ALLUVIAL GROUNDWATER AND NAPL ALTERNATIVE 3B
IN-SITU NAPL TREATMENT WITH

MONITORED NATURAL ATTENUATION

Component
Capital Costs

Direct Implementation Costs
Deed Restrictions
Municipal Ordinance
In-Situ NAPL Bioremediation

Pilot Study
Collection Wells/Pumps
Distribution/Injection Piping
Bio-Reactor Materials/Installation
Miscellaneous Controls/Equipment

Additional Monitoring Well Installation
Install Dedicated Sampling Pumps

Estimated
Quantity

30

34

Unit

Ea

Ea

Subtotal
Indirect Costs

Remedial Design
Mobilization/Misc. Site Prep
Site Administration
Permitting/Legal Costs
Construction Management/Oversight

Estimated
Unit Cost

$25,000

$870

- Direct Costs

(5% of Direct Costs)
(1% of Direct Costs)
(2% of Direct Costs)
(10% of Direct Costs)

Subtotal
Contingency

Operation and Maintenance Costs

- Indirect Costs
- 25% of Direct and Indirect Costs

Total Capital Costs

In-Situ Bioremediation System Operation - 3 Years
Bacteria and Amendments
Energy Requirements
Miscellaneous O&M
System Decommissioning after Year 3
Performance Sampling

Long-Term Groundwater Monitoring Program
See Alternative 2 for cost breakdown

Long-Term Site Management
Five- Year Reviews - Cost included in Sediment alternatives

Subtotal - O&M Net Present Worti
Contingency Reserve -25% of O&M Cost
Net Present Worth of Annual O&M Cost

Total Net Present Worth of Alternative

Estimated
Capital Cost

$20,000
$10,000

$175,000
$750,000
$990,000

$1,280,000
$215,000
$68,000
$29,580

$3,537,580

$85,000
$176,879
$35,376
$70,752
$353,758
$721,764

$1,064,836
$5,324,181

Net Present Worth

$953,137
$367,638

$1,007,602
$95,022
$122,546

$1,328,491
$230,587

l $4,105,023
i $1,026,256
i $5,131,279
$10,500,000

Estimated
Annual O&M

Cost

Annual Cost

$350,000
$135,000
$370,000
$110,000
$45,000

$15,000
$0
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TABLE C-2F
PRELIMINARY COST ESTIMATE

ALLUVIAL GROUNDWATER AND NAPL ALTERNATIVE 4
ENHANCED NAPL RECOVERY WITH
GROUNDWATER PUMP AND TREAT

Component
'apital Costs
Direct Implementation Costs

Deed Restrictions
Municipal Ordinance
Direct/Enhanced NAPL Recovery

See Alternative 3A2 for Breakdown
Groundwater Extraction/Treatment

Recovery Wells/Pumps
Trenching/Conveyance Pipes/Wiring
Treatment System (carbon/ion exch)
Treatment Building
Miscellaneous Construction Costs
NPDES Discharge Permit Application

Additional Monitoring Well Installation
Install Dedicated Sampling Pumps

Estimated
Quantity

28
22,200

34

Unit

Ea
Ft

Ea

Subtotal
Indirect Costs

Remedial Design
Mobilization/Misc. Site Prep
Site Administration
Permitting/Legal Costs
Construction Management/Oversight

Estimated
Unit Cost

$6,600
$30

$870

- Direct Costs

(5% of Direct Costs)
(1% of Direct Costs)
(2% of Direct Costs)
(10% of Direct Costs)
Subtotal -

Contingency

Operation and Maintenance Costs

Indirect Costs
- 25% of Direct and Indirect Costs

Total Capital Costs

Enhanced Recovery System Operation - 5 Years
See Alternative 3A2 for cost breakdown
Disposal of Recovered NAPL - see Alternative 3A2 for breakdown

Groundwater Pump and Treat System Operation - 30 years
Energy Requirements
Spent Carbon Regeneration/Disposal
Miscellaneous O&M
NPDES Sampling/Analysis/Reporting (twice monthly)

Long-Term Groundwater Monitoring Program
See Alternative 2 for cost breakdown

Long-Term Site Management
Five- Year Reviews - Cost included in Sediment alternatives

Subtotal - O&M Net Present Worth
Contingency Reserve -25% of O&M Costs

Net Present Worth of Annual O&M Cost
Total Net Present Worth of Alternative

Estimated
Capital Cost

$20,000
$10,000

$2,709,751

$184,800
$666,000
$150,000
$35,000
$75,000
$12,000
$68,000
$29,580

$3,960,131

$125,000
$198,007
$39,601
$79,203
$396,013
$837,824

$1,199,489
$5,997,443

Net Present Worth

$1,429,743
$1,467,747

$215,214
$1,460,383
$2,305,868
$332,045

$1,328,491
$538,036

$9,077,526
$2,269,382
$11,346,908
$17̂ 00,000

Estimated |
\nnual O&M||

Cost 1

1
————————
Annual Cost

n
$14,000 |
$95,000
$150,000 U
$21,600 I

$35,000 1
$0

'
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TABLE C-2G
PRELIMINARY COST ESTIMATE

ALLUVIAL GROUNDWATER AND NAPL ALTERNATIVE 5
IN-SITU NAPL TREATMENT WITH

IN-SITU GROUNDWATER TREATMENT

Component
Capital Costs

Direct Implementation Costs
Deed Restrictions
Municipal Ordinance
In-Situ NAPL Bioremediation

See Alternative 3B for breakdown
In-Situ Groundwater Remediation

Pilot Testing
Delivery Point Installation
Initial Chemical Treatment
Miscellaneous Labor/Equipment

Additional Monitoring Well Installation
Install Dedicated Sampling Pumps

Estimated
Quantity

325
35,000

34

Unit

Ea
Lb

Ea

Subtotal
Indirect Costs

Remedial Design
Mobilization/Misc. Site Prep
Site Administration
Permitting/Legal Costs
Construction Management/Oversight

Estimated
Unit Cost

$500
$7.00

$870

- Direct Costs

(5% of Direct Costs)
(1% of Direct Costs)
(2% of Direct Costs)
(10% of Direct Costs)

Subtotal
Contingency

Operation and Maintenance Costs

• Indirect Costs
- 25% of Direct and Indirect Costs

Total Capital Costs

In-Situ NAPL Bioremediation System Operation - 3 Years
See Alternative 3B for cost breakdown

In-Situ Groundwater Remediation - Second Application (Year
Chemicals
Miscellaneous Labor/Equipment

2)

Long-Term Groundwater Monitoring Program
See Alternative 2 for cost breakdown

Long-Term Site Management
Five-Year Reviews - Cost included in Sediment alternatives

Subtotal - O&M Net Present Wortr
Contingency Reserve -25% of O&M Cost

Estimated
Capital Cost

$20,000
$10,000

$3,410,000

$85,000
$162,500
$245,000
$150,000
$68,000
$29,580

$4,180,080

$120,000
$209,004
$41,801
$83,602
$418,008
$872,414

$1,263,124
$6,315,618

Net Present Worth

$2,545,945

$222,222
$136,054

$1,328,491
$307,449

i $4,540,162
j $1,135,041

Net Present Worth of Annual O&M Costs $5,675,203
Total Net Present Worth of Alternative $12,000,000

Estimated
Annual O&M

Cost

Annual Cost

$245,000
$150,000

$20,000
$0
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SEDIMENT CAPPING DEMONSTRATION PROJECT ON THE OTTAWA RIVER:
AN IMPACTED LAKE ERIE TRIBUTARY

V_̂  J.H. Hull, P.E., D.E.E., P.B. Hotz, and J.M. Jersak, Ph.D., CPSS1

ABSTRACT: The City of Toledo is conducting a sediment capping demonstration project on the
Ottawa River, a Lake Erie tributary located in Northwestern Ohio. The Project, for which cap
construction phases were completed in September 1999, involves installation and field-scale testing
of different in-situ, sediment-cap designs along an approximately 2.5-acre section of the river known
to have elevated levels of PCBs in the sediments. AquaBlok™, an innovative, clay mineral-based
capping technology, is a principal component of each cap design. Once applied through the water
column, this capping material hydrates and forms a cohesive, low-permeability and erosion-resistant
barrier between contaminated sediments and the overlying aquatic ecosystem. Three different test
cap designs were constructed: AquaBlok™ exclusively; a basal geogrid component overlain by
AquaBlok™; and geogrid plus AquaBlok™, plus a surficial stone layer. A variety of installation
techniques were also demonstrated as part of the Project, including the use of a conveyor (telebelt),
helicopter, and dragline. The primary, long-term goal of the Project is to assess the relative
effectiveness of AquaBlok™-based sediment caps to physically stabilize and isolate impacted
sediments occurring in a riverine environment representative of many Great Lakes tributaries. An
additional Project goal is to characterize development of invertebrate benthic communities within
encapsulated areas over time and as a function of cap design. The Project is funded, in large part, by
a Lake Erie Protection Fund grant from the Ohio Lake Erie Commission.

Results of field observations made during cap construction as well as results of initial post-
construction survey and core-sampling activities are presented. Collectively, the data indicate that
the construction techniques employed were viable methods for installation of the AquaBlok™-based
sediment caps. Also presented are generalized unit costs associated with AquaBlok™ cap

\s ^ construction using each technique.

INTRODUCTION

The City of Toledo, Ohio is conducting a demonstration capping project within an

approximately 2.5-acre portion of the Ottawa River, located in Northwestern Ohio. The Project, for

which cap-construction phases were completed in September 1999, generally involves the

construction and field-scale testing of different in-situ sediment-barrier (cap) designs along a

particular section of the river known to have elevated levels of polychlorinated bipheny Is (PCBs) and

other contaminants in the sediments. The Project is not a mandated remedial activity, however,
initiation of cap-construction phases required pre-approval from the U.S. Army Corps or Engineers

and other regulatory agencies. It is being funded, in large part, by a Lake Erie Protection Fund grant

provided to the City by the Ohio Lake Erie Commission.

1 President, Project Manager, and Senior Soil Scientist, respectively, Hull & Associates, Inc., 3401 Glendale
Avenue, Suite 300, Toledo, Ohio 43614
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Prior to construction of the sediment caps, extensive site and sediment characterization

activities were conducted, as well as laboratory scale cap-development and flume (erosion) studies.

Pre-capping field activities also included working with the Ohio EPA to characterize invertebrate

benthic communities occurring within targeted capping areas prior to capping; pre-capping results

will be compared to subsequently collected, post-capping invertebrate data in order to assess benthic

colonization of encapsulated areas over time and as a function of cap design.

A principal component of each of the cap designs being tested in the Ottawa River is

AquaBlok™, a remedial technology developed by New Waste Concepts, Inc. (NWC) and marketed

by AquaBlok, Ltd. Hull & Associates, Inc. provides technical assistance to NWC and AquaBlok,

Ltd. and also acts as the City's primary engineering/environmental consultant for the Project.

AquaBlok™ is a patented, composite-aggregate product - resembling small stones - that is

comprised of a solid, dense core surrounded by a clay mineral-based (bentonite-rich) coating fixed to

the core with polymers. When applied through a water column and across the surface of

contaminated sediments, AquaBlok™ acts as a low-permeability and erosion-resistant, cohesive

barrier between the sediments and overlying deepwater or wetland ecosystems. In other pilot-scale

field studies conducted elsewhere, AquaBlok™ has been proven effective in reducing organism

exposure to contaminated sediments and offering a viable substrate for re-establishment of

indigenous flora and fauna.

This project demonstrates field-scale implementation of the AquaBlok™ capping technology

in a flowing-river environment. Principal goals for the Project include assessing the relative

effectiveness of AquaBlok™-based sediment caps in physically stabilizing and isolating

contaminated sediments occurring in a riverine environment representative of many Great Lakes

tributaries as well as characterizing invertebrate colonization of encapsulated areas over time. H was

also anticipated that significant knowledge would be gained pertaining to the utilization of different

application techniques to accomplish product deployment, the adequacy of each technique in

constructing targeted sediment-cap designs, and generalized unit costs associated with cap

construction using each technique.

SITK DESCRIPTION

The Ottawa River flows into the Maumee Bay, which is located at the far west end of Lake

Erie. The Project area comprises an approximately 0.2 mile-long stretch of the river and is typically
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100 to 120-feet wide in this portion of the river. Although highly variable, depending on Lake Erie

levels, water depths typically range from one to eight feet. Water-borne sediments across the Project

area are typically silt and clay rich and occur at thicknesses ranging from less than 0.5 feet to 3 feet
plus.

The Ottawa River, like other tributaries to Lake Erie's western basin, has a drowned mouth

that creates estuarine conditions within its lower portions, including the Project area. These

conditions are characterized by rapid and sometimes significant changes in river water levels and
flow directions, both of which result from climatically induced changes in Lake Erie water levels.

Beginning in the early twentieth century, a variety of industrial operations occurring along
the Ottawa River have negatively impacted the river's water and sediment quality, including related

deepwater and wetland habitats. According to analytical data from the Ohio EPA, elevated
concentrations of PCBs as well as polynuclear aromatic hydrocarbons (PAHs) and various heavy

metals occur in lower-river sediments, including within the Project area.

DEMONSTRATION CAP DESIGNS

For demonstration purposes, the sediment caps constructed within the Project area comprise
three contiguous capping sections (Sections A, B, and C) which differ somewhat in terms of

components and design. Specifically, the Section A cap was constructed of AquaBlok™ exclusively;

a portion of the Section B cap was constructed of AquaBlok™ plus a basal geogrid (Tensar™); and

the Section C cap was constructed of AquaBlok™ plus geogrid, plus a surficial layer of protective

stone. Typical targeted thicknesses for Section A and B caps were approximately five to six inches

while the Section C cap was approximately five to eight inches.

CAP CONSTRUCTION
Three different techniques were used to construct the AquaBIok™-based sediment caps in

September 1999: (1) an articulated, telescoping conveyor (or telebelt), operated from both barge and

on-shore positions; (2) a helicopter, equipped with specially designed drop bags for applying

AquaBlok™ or protective stone; and (3) a dragline, which was operated from the shore. The ability
to access remediation areas, the sizes of possible project areas, and other factors will vary

significantly. It was assumed that the three technologies are representative of the possible range of

typical application techniques. Other techniques no doubt could be developed.
Installation of the basal geogrid component across Sections B and C, prior to AquaBlok™

deployment, generally involved first tying the geogrid together, lowering it to the river-bottom
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surface from work boats, and finally systematically placing AquaBlok™-filled bags across the

surface of the geogrid to keep it in place. Geogrid was not placed across one portion of Section B as

originally intended as a significant topographical depression was encountered in this area of the river

bottom; the cap in this area is comprised exclusively of AquaBlok™.

After geogrid installation was completed in Sections B and C, a total of approximately 472

tons of AquaBlok™ was installed across the Project area using the techniques described above. An

additional, approximately 206 tons of ODOT #4 stone was then applied across the AquaBlok™

component in Section C. Quantities of capping materials installed using the different techniques as

well as approximate areas covered and average product application rates are summarized in Tables 1

and 2. AquaBlok™ quantities included in Table 1 do not include masses of bagged AquaBlok™

used to stabilize the geogrid component (which comprised an estimated total of approximately 11

tons, or less than three percent of the total 472 tons of AquaBlok™ applied).

Table 1 - Summary of AquaBlok™ Applications: Methods, Quantities, Application Rates

Application
Method

Conveyor (Telebelt)
Helicopter
Dragline

Approximate Quantity
of AquaBlok™ Applied

(tons)
364̂
82
15

Approximate
Area Covered

(acres)
1.92
0.46
0.087

Average AquaBlok™
Application Rate

(Ibs/ft2)1
8.7
8.2
7.9

The target application rate for AquaBlok™, to achieve a typical hydrated thickness ranging from approximately
five to six inches, was approximately 8.4 Ibs/ft2.

This total includes approximately five tons of AquaBlok™ that was, for demonstration purposes, subsequent
placed across a conveyor-application area in one portion of the site using the dragline technique.

Table 2 - Summary of Stone Applications: Methods, Quantities, Application Rates

Application
Technique

Conveyor (Telebelt)
Helicopter
Dragline

Approximate Quantity
of Stone Applied

(tons)
113
93
0

Approximate
Area Covered

(acres)
0.46
0.35
0

Average Stone
Application Rate

(Ibs/ft2)1
11.3
12.2

not applicable

1 The target application rate tor ODOT #4 stone, to achieve a surficial layer thickness of approximately two inches,
was approximately 13.3 Ibs/fr.
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Applications of AquaBlok™ and stone using conveyor techniques involved placement of

materials across the targeted river-bottom surface 'm piecemeal fashion. Specifically, targeted areas

for AquaBlok™ or stone coverage were first delineated and marked with multi-colored floats, with

the dimensions of a given area corresponding to the targeted material application rate and the

capacity of a given rock-box load of product provided to the barge-based conveyor. During product

applications from the shore-based conveyor, which occurred in a near-bank portion of Section B,

AquaBlok™ or stone was brought to the conveyor hopper by land and load sizes estimated based on
the degree of hopper filling. Shore-based dragline applications of AquaBlok™, which occurred in

small portions of Sections A and B, were conducted in a similar fashion.

Applications of AquaBlok™ and stone using the helicopter, which occurred in Section C,

were accomplished by first establishing linear-shaped, "swimming lane"-like targets parallel to river

flow. Drop-bag loads of capping material were then placed along these targets in series, with the
area covered by each individual application dictated by the size of a given bag load as well as the

targeted material application rate. A number of "practice runs" using the helicopter technique were

conducted at a local borrow area prior to river applications in order to establish typical dimensions of

product coverage as a function of load size, flight speed, and elevation of the drop bag above the

water surface.

v . During AquaBlok™ and stone applications using the different deployment techniques, field

personnel observed - from above the water surface - the apparent uniformity of coverage across each

targeted application area, assisting or guiding operators during the application process to insure

adequate spatial coverage when required. Based on the field observations made, an adequate degree
of product coverage into targeted areas was achieved using each of the application techniques. The

adequacy of capping-material applications (i.e. cap construction) relative to design specifications was

also determined following cap construction, as summarized in the following section.

INITIAL POST-CAPPING EVALUATIONS

Following cap construction, river-bottom elevations were determined at a total of 297 points

along 13 cross-river transects (at approximately five-foot intervals) situated across and at the borders

of all three capping sections. Elevational surveys were conducted using a footed probe and standard

station-survey methods. Post-cap survey data were then quantitatively compared to river-bottom

elevations determined within the same locations just prior to cap construction in order to determine

net elevation increases within each surveyed location, thus providing an indication of hydrated cap
thickness. To establish the degree of vertical error that could be associated with such a comparison
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of survey measurements, pre- and post-cap surveys were also conducted at a total of 17 points alon«

a "control" transect located just outside of the capping area. Survey results for transects across

capping sections A and B and across capping Section C are provided in Table 3.

Table 3 - Results of Post-Application Cap Surveys

Parameter

Total Number of Survey Points
Mean Elevation Increase (Cap Thickness)
Standard Deviation
99% Confidence Interval About Mean
Targeted Cap Thickness (Typical)

Sections A and B
Transects AA to BC

Inclusive
159'

4.9 inches
2.9 inches

4.3 to 5.5 inches
5 to 6 inches

Section C
Transects BC to CC

Inclusive
110

5.7 inches
2.8 inches

5.0 to 6.4 inches
5 to 8 inches

1 A total of 187 transect points were surveyed across Sections A and B, with a total of 159 points indicating a net
positive elevation change and 28 points indicating a net negative change. The negative values were not included
in these calculations in that a majority of the values are likely related to the barge dragging the bottom in
localized, shallower areas, prior to capping-material application.

Survey results indicate that cap thicknesses across the Project area (based on net positive

changes in river-bottom elevations) fall within respective, targeted cap thicknesses for Section A and

B cap designs as well as for the Section C cap design. Some degree of downward AquaBlok™

hydration likely occurred into the capped sediment surface in all sections, which could explain

average elevational increases occurring towards the low ends of targeted cap-thickness ranges. The

surficial stone-layer component of the Section C cap may also have experienced sonic degree of

settling into the underlying AquaBlok™ component (thus affecting elevation changes), although the

average cap thickness across Section C is still greater than that for Sections A and B, as expected.

Finally, some degree of vertical error (perhaps up to O.lft) is also likely associated with pre- versus

post-capping survey comparisons based on surveys conducted along the control transect; such error

could also slightly affect calculated elevational changes.

Asa final note regarding survey work, 28 out of the total 187 survey points across Sections A

and B indicated a net negative change in river-bottom elevation, ranging from -1.34 feet to -0.01 teet

(average of -0.33 feet); no such negative changes were observed at any of the 110 survey points

across Section C. Although some of these negative values could reflect typical vertical error, most

more highly negative values are likely due to the barge dragging the bottom in localized, shallower

areas of Sections A and B during set-up stages of the Project (prior to cap construction). The barge



did not transverse Section C. The water surface elevation of the Ottawa River during application was

at a significant low relative to that during inception of the Project.

To corroborate survey results, probing of the capped river bottom with conduit was also

conducted within each surveyed location to qualitatively establish the presence of AquaBlok™

and/or stone capping material. Qualitative probing across Sections A and B indicated that

AquaBlok™ was confirmed as being present within all but 17 of the 187 survey locations (including

the majority of the river-bottom areas presumably impacted by the barge), whereas stone and/or
AquaBlok™ were present within all but two of the 110 survey locations across Section C.

As an additional component to post-capping evaluations, and to assist in interpretation of

survey data, river-bottom core samples were collected from across Sections A and B in November
1999; geogrid presence across Section C and portions of Section B precluded core collection in these

areas. In addition to facilitating interpretation of survey data (through direct measurement of cap
thicknesses in core samples), coring activities also enable assessment of physical mixing occurring

along the cap/sediment interface (i.e. sediment incorporation into capping material).

A total of 48 core samples were collected from nine different transect locations, with faculty

from the University of Toledo engineering department (UT) assisting with sampling activities.

Statistical evaluation of core-sample and related cap-thickness data is ongoing, with UT also

assisting in this phase of study. Visual inspection of core samples indicate the consistent occurrence
of sharp - rather than diffuse and mixed - boundaries along the cap/sediment interface in the samples

collected. Minimal mixing of AquaBlok™ with sediments along this interface translates into

maximal effective cap thickness (i.e. capping material free of sediment-borne contaminants), and

thus, maximal sediment isolation and minimal exposure to potential receptor organisms.

GENERAL UNIT COSTS FOR AQUABLOK™ CAPPING
Based on results of this demonstration capping project, generalized unit costs for

AquaBlok™ cap construction using each of the demonstrated techniques - including material costs -

are as follows:

• Helicopter-approximately $1.20 per square foot

• Shore-based conveyor - approximately $0.85 per square foot

• Barge-based conveyor - approximately $1.00 per square foot

• Shore-based dragline - approximately $0.90 per square foot
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For simplicity, these generalized costs were developed assuming construction of a targeted

six-inch hydrated AquaBlok™ cap without the geogrid or stone-layer components present; such

additional components would add additional costs, depending on the specific materials used and the

final cap design. General costs were also developed assuming deployment of the standard

AquaBlok™ formulation, applied at a rate of approximately 8.5 pounds per square foot and at a bulk,

delivered cost of approximately $150 per ton. Additionally, the general costs provided do not

include costs associated with other major project components such as project planning and

management; preliminary laboratory studies; cap design; permitting; QC monitoring during cap

construction as well as long-term performance monitoring; and cap maintenance. It is also important

to note that unit costs for cap construction will vary significantly as a function of overall project

goals (which will dictate final cap design) as well as site-specific conditions such as existing

infrastructure and site access; sediment type and characteristics; size and ecology of the project area;

and surface water salinity levels, which may dictate the particular AquaBlok™ formulation required.

SUMMARY

Results of field observations made during construction of the AquaBlok™-based

demonstration caps as well as results of survey and core-sampling work conducted just after cap

construction collectively indicate that all three deployment or construction techniques - the

conveyor, the helicopter, and the dragline - are viable techniques for construction of all three

demonstration capping designs being tested. Other existing techniques for product deployment could

also he used effectively at other sites, such as pumping, slinging, and/or dry application methods.

Development of general costs for the Project also indicate that construction of AquaBlok™-

based sediment caps using any one or more of these techniques can be accomplished cost effectively.
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AquaBlok
Barrier Between

viable and clean substrate for
re-establishment of plant
and benthic communities.

»*, an,
Contaminated rEE ^-' r am resilient in the harshe^ of weather

Ĵ ElHHSB̂ î . - / jHB conditions, including erosional stress-
SubstrateS and Ĵ &̂IHHl̂ rak. //.-̂H| es reiaced to seasonal flooding as well
M •• ... «It B̂ B̂BHBSHk/J_P̂ ^ as ffeeze/thaw or desiccation stresses
Adjacent Water iKf HNHnHnBRAĴ BJll fel3ted to Penodic subaerial exposure
Resources » BMHHBMMiHM of the capping material.

Product Specification
AquaBlok ' compos.te particles g| AquaBlok" is easy to handle ~ AquaBlok' Formulations can be

are a proprietary blend of clay BaB n J customized during manufacture to meet
minerals, polymers, and other feja site- or project-specific needs through
special additives surrounding KB The hard, smooth, maible-like modifying the quantities or types of
a dense aggregate nucleus (Figure 19 particles flow easily from a bucket, particle components. Cap designs may
1). The mineral coating typically H9J chute, or pipeline and sink quickly be comprised of AquaBlok" alone, or
contains extremely small, nega- HB to tne bottom before forming a physi- AquaBlok' in concert with other capping
tively charged clay sized particles KU cally uniform and continuous layer components (like geotextiles or stone
having very large surface-area-to- 19| of dean substrate over contaminat- armor layers), again depending on site-
mass ratios. Upon wetting, these QH ed SL|btrates (Photograph 1). specific conditions and project needs.
reactive particles hydrate and ^^
physically expand around the ^D Versatile If you think that the AquaBlok'
dense particle nucleus. fjjĝ  Using water-, shoreline-, or composite particle system could be

air-based equipment, AquaBlok' of use in your remediation projects.
can be delivered into a variety call us. We'll be happy to discuss
of hydrologic environments, y°ur project with you, and help deter-
rangmg from flowing rivers or mine how the AquaBlok ' technology
estuaries to deep lakes or could be successfully applied at
reservoirs. Depending on vour s'tes'
surface-water hydrology
and climatic conditions, For more information, including
AquaBlok' can also be test reports and case histories, call

Figure 7. Cross section of typical V9k applied to seasonally AquaBlok, Ltd. at (419) 385-2018
AquaBlok"particle. fl^ exposed, wetland or fax us at <419) 385-2990.

ecosystems. You can atso e-mail us at:
Once deployed through water, AquaBlok "s 18ft services@aquablokinfo.com

heavy nucleus carries the clay bearing parti- Ha Local Manufacture
cles to the bottom where the product collec- 1JS& AquaBlok'" can
tively grows into a continuous and cohesive, 1JH be custom formulated Supporting test reports on the
erosion-resistant layer of very low permeability. 18 On site, incorporating AquaBlok' capping technology include:
When applied to environmentally impacted |S| locally'obtained physical characteristics of different
deepwater or wetland ecosystems, AquaBlok" Ija materials whenever AquaBlok' formulations; settling charac-
acts as a physical, hydraulic, and chemical |S possible. Local teristics; product permeability; pilot-
barrier between contaminated sediments mm manufacture - 5cale column tesls; erosion resistance;
(or subtrates) and the overlying water column, HI as opposed to ship- contaminant attenuation; and
protecting flora and fauna and also minimizing liH ment of AquaBlok" freeze/thaw effects.
contaminant movement into the food chain. fjg| into the site - is cost

effective, particularly
Similarly, if ground water protection is a

project goal, AquaBlok"s low permeability
when applying the
technology at distant

also minimizes downward movement of fig and geographically
surface waters through the cap, which could jjg isolated locations. A .
carry contaminants into underlying substrate. Stt 4̂01 n d I S te 300
AquaBlok-can also be used as a component S Environmentally Friendly Toledo Q^Q 5 sV U43
of landfill liners and covers, or can be used H As oppose(j to more Ph0ne'(419)' 385'-2018
to limit infiltration losses of clean water jjj invasive remedial Fax (419) 385-2990
from reservoirs. Jgg technologies like dredging, e-mail: services@aquabtokinfo.com

__ AquaBlok" offers a low-
Cacu UanHlinn KH • . ^ . jj f 1996 New Waste Concepts, luctasy Hananng mg impact approach to address- Aquaeiok. I5 a tr,0emarK of New Waste CMlctpts. lnc

AquaBlok" composite particles Jmf in9 contaminated subtrates in AquaBlok-compose particle? are palmed
are engineered to hydrate slowly so they JSff deepwater and wetland ecosys- otn*-pawns owo.̂
can be delivered to the target area easily. Eg terns. AquaBlok' also offers a
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AqyaBlok

Q_

TM MO? The purpose of this Bulk densities for selected
set of laboratory tests AquaBlok formulations were
was to demonstrate general determined by weighing masses
physical characteristics of AquaBlok" of known (typically

jjjg of standard and modified five-gallon) volumes. Particle size
RFPfiDT £1 • £$£ formulations of AquaBlok", distributions were determined in
KtrUK I w \ : jjjj Doth jn terms of DU|k general conformance with ASTM

Phvsical mS (mixed) characteristics as Method No. D 421 . This involved
Jraf we" as cnaracteristics passing representative spit-and-

Characteristics ffif associated with discrete quartered bulk samples of each
JHf particle size classes. AquaBlok' formulation through

Of Standard and MS a series of five metal sieves and
IjH Methods measuring total particle mass

Modified AquaBlok™ jji Large bulk samples of AquaBlok" retained on each sieve, as well
c , - jj$B were prepared using poorly graded as the material passing through
formulations 1H grave, plus a proprietary polymer the smallest (#10) sieve.

ft&fl and varying quantities (weight
H| percentages) of bentonite clay Moisture content per particle
H| material. The formulations prepared size class was determined on
H ranged from a bentonite-rich representative subsamples in

Background and l|| product (70% bentonite plus 30% general conformance with ASTM
Purpose Of Testing m gravel, referred to as "70BE") Method No. 2216. Following

The AquaBlok" composite par- fl| to a much leaner formulation moisture content determination,
tide system is a combination of ff| (20% bentonite plus 80% proportions of clay and gravel
dry clay minerals, polymers, and ll| gravel, referred to as "20BE"). comprising oven-dried particle
an aggregate core As shown in fft Five different formulations were 5ize classes were determined
Figure 1 , each AquaBlok" particle 1& Prepared for testing: 70BE, through physically removing
typically consists of a clay mineral- « 50BE, 40BE, 30BE, and clay coatings from grave! cores
based (often bentonite-rich) outer m 20BE, Selected physical and weighing respective clay
shell that is fixed with polymers ill characteristics of AquaBlok " and gravel components. Finally,
to a nucleus (aggregate core) » were demonstrated using average densities of discrete
comprised of gravel or other hard « representative, air-dry sam- particles were determined by
material such as glass cullets. « pies of these formulations. weighing a separate subsampie

«, The physical characteris- of air-dry particles then
AquaBloku's configuration facilitates flft tics determined includ- determining the volume of

efficient delivery of reactive ^_ —— -4« ed; air-dry bulk density water displaced by this mass
clay components, like and particle of particles (to obtain total
bentonite, through size distribution sample volume).
water to form a per formulation
cohesive barrier as well as Results
between contaminated HSPmBf H •? t VI 4 •BiiSPJV composition Testing results are summarized
sediments and the Î B̂-PlWlSSB̂ Ĥ (relative in the following table and graphs.
overlying deepwater ^̂ B̂̂ B|BHB.M.H9,̂ B̂ bentonite Results derived through testing a
or wetland ecosystem N̂ Ê Ŝ ^̂ B̂ Ŝ/ percent), previous standard AquaBlok"
(see TEST REPORT #6). moisture formulation are included in the
AquaBlok- can be modified content, graphs as the "50BE B"
in terms of its ^̂ ^̂ ^̂ ^̂ p̂̂  and density per formulation, (continued on back)
physical or clay FJQure 7 iff particle size class.
mineral charac- « *• ' .- *T / An Results of previousTefistlcsto Configuration of Typical ij laboratory cMharacteriza.
accommodate ûaBlok Partlcle' M tlon studies conducted
site-specific conditions or to meet JH using another bulk
overall project objectives; a "standard" Jjjf sample of AquaBlok"'
AquaBlok" formulation is manufactured HP of standard formulation
using approximately equal bulk-weight jff are also presented for
percentages of grave! (as the aggregate JV comparison.
core) and clay coating. S
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Figure 2. AquaBlok Particle Size Distribution
as a Function of Formulation

AquaBlok™*
Formulation Buik:Densify_

7CBE
4CBE and 50BE

'out
SEA

1 00-0 75 1750)* 0)1-01) OIS-QO« <i

AquaBlok Particle Sue Fraction (inches)

20 BE
Figure 3. Benlonite Content as a Function of

Observations & Conclusions ^39 Pafticle si«and
Air-dry bulk densities range from

between 76.0 and 35 8 pounds per
cubic -"oot (Table V. Values tend to be
higher when greatei percentages of the
AquaBfok formula'ion are comprised
of gravel, as illustrated with the
20BE sample Bulk density values
also l i k e l y change v/ith moisture
content, 'which ma^ vary during
the manufacturing process.

M-O J« 1 11-0 19 01

AquaBlok Particle Size Fraction (inches)

Figure 4. Moisture Content as a function of
___ Particle Size and Formulation

Bentonite-rich AquaBlok" formulations
tend r.o be comprised of larger-diameter
. articles than are leaner product formula-
tions, as illustrated by differences in the
proportion of 1 00 - 0.75 inch-sized parti-
cles for the 70BE cind 20BE formulations
('Figure 2}. This is ,1 characteristic of the
AquaBlok- manufacturing process. -H— >ino ,„.„ „„.„„ ,„.„„ „„„,,

AquaBlok Particle Size Fraction (inches)

Smaller AquaBlok ' particles tend to carry
higher percentages of clay than larger particles,
particularly for oentomte-rich formulations
iFiguro 3); this is c':lso a characteristic of the
AquaBlok" manufacturing process. Differences in
clay content amoncst smaller fractions of the two
standard formications (the 50BE A and B mixes)
could be due to several factors including slight
differences in clay content of the bulk mixture
and particle integrty during the sieving process.

0 100-071 1 7S-O.S* 018019 011-001 <0 0

AquaBlok Particle Size Fraction (inches)

AquaBlok
Smaller AquaBlok particles tend to contain higher

moisture content nan larger particles iFigure 4).
This is because moisture is associated with the
clay \rather than the gravel) component and because
smaller particle sire fractions have higher clay
percentages than larger fractions

"""" AquaBlok. Ltd.
For any formulation, smaller AquaBlok ' HJff 3401 Glendale Avenue, Suite 300

particles tend to be less dense than larger •• Toledo. Ohio. U.S.A 43614
particles (Figure 5); this is because of the H Fax™!9) 385 2990
presence of higher proportions of less-dense Jjif e.mail; service5@aquablokinfo.com
clay. This relationship between particle size and
density is generally accentuated in bentonite-
rich formulations in which relatively greater
percentages of each particle size are
comprised of clay rather than gravel. __
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AqyaBlok individual AquaBlok In turn, Moratory observations
particles of different sizes of settling characteristics of bulk

typically occur within one AquaBlok' masses through non-flow-
foot of vertical descent ing water columns provides baseline
through a standing information that can be used when
water column. modeling AquaBlok applications to

TEST REPORT #2' OH lotic (f|owin9-water) environments.
In contrast to the relatively

Settling JH predictable settling behavior of Methods
mta individual particles, the settling

Characteristics behavior of bulk (mixed) material Settling Velocity of
masses through water is typically individual Particles

Of Individual j|| much more complex. Bulk material Ten representative AquaBlok
Dartinloc Hi Cends t0 5ettle as a S'n9'e entity particles were chosen from selected
rdmcieb ||| rather than as individual particles particle-size fractions of a sieved,

Rnlk AniiflRInk™ ii (Dortch, 1990). As a mass settles, air-dry sample of AquaBlok™ of
DUIIV mfUdDiUK m shear 5tresses and drag forces standard formulation. Each particle

Masses Through IS devel°P at the mass/water interface, Was dropped through a 31 inch-tall
lH resultin9 tn the formation of standing column of municipal tap

Water ffi turbulent eddies within and water at room temperature (-70° F)
around the settling mass- from just above the water surface and
According to Dortch (1990), the fall time for each particle was

3nH V3K 3 Settlin9 ma5S tends to reach measured with a stop watch to theana mm terminai velocjty after faNing only negrest Q Q1 second
Purpose Of Testing « a 5h0rt distance; quantification

Variable quantities or types VA of terminal settling velocities Settling Characteristics of
of clay minerals can be used to vA for bulk AquaBlok" masses Bulk AquaBlok'" Masses
manufacture different AquaBlok" fll is currently being addressed The general settling characteristics
formulations to accommodate site- « at UT. Of Duik masses of standard AquaBlok
specific needs and overall project W& were observed as part of several
objectives. The physical characters- Vk The purpose of this large-scale settling-column studies
tics of dry, bulk (mixed) AquaBlok™ l|a laboratory testing was two- Which are discussed in greater detail
masses as well as discrete particle size 111 fold: (1) to quantitatively in TEST REPORT #6- The studies
classes vary as a function of product ig& demonstrate average set- were conducted using a large
formulation (see TEST REPORT #1). Êm. tling velocities of individ- (23-inch x 23-inch x 12 foot-tall).
Nevertheless, despite differences in lib ual AquaBlok" particles steel-reinforced Plexiglas settling
physical parameters like bulk density or f» of different sizes through column. Each AquaBlok" mass was
percent clay content between formula- wm, small, standing water applied from just above the water
tions, bulk samples of AquaBlok ' consis- M§ columns, and (2) to surface by "pouring" the material
tently display a broad range of particle H& qualitatively demon- from a bucket. Relative settling
sizes as well as predictably variable particle IA strate settling charac- velocities of different-sized particles
densities amongst the size fractions EA teristics of different comprising the bulk mass were
(TEST REPORT #1). |g bulk AquaBlok" mass- qualitatively observed, as was the

es through field-scale general nature of dispersion and
The settling velocity of any single particle |9 water columns. Data movement of the mass during

through a standing (non-flowing) water E9 related to the settling descent, (continued on back)
column depends on a particle's size, density, IH characteristics of
and shape, and water density and viscosity. 19 individual AquaBlok'
In general, the settling velocity of a larger flB particles provide a
particle is higher than that of a smaller i& useful theoretical basis
particle of the same density and shape; |B for characterizing the
quantitatively, Stoke's law states that, Jg settling behavior of
under such conditions, a particle's IB bulk AquaBlok' masses
settling velocity is proportional to Jiff through standing water
the square of its radius (Day, 1965). mm columns, which is
Unpublished laboratory research Mi more relevant to
conducted in the University of fjff field applications.
Toledo's Civil Engineering Department
(UT) also indicates that constant
(terminal) settling velocities for



-;. -n-,.2 rc^iv nirnc ucuaEiok applications JOT Observations and rest.rg, *nen applying ,arae mis:,?
as :n.?/ occur ,-i rre -'.e'd ;e g applied JV Conc|usions ^ AquaBlok " rrrcugh iarne ,Var-r
gractiaily from barbed stockpiles or shore-based Jiff columns. Empirical observations
corneyc'rs), the application of AquaBlok ' jag individual ArjuaBlok" also indlC3te that 3 greater
masses to standing water columns was jig particles degree of lateral dispersion of
continuous and raoid but not instantaneous Jjw Cmnii ^ ,m,i the AquaBlok mass typical/n ,. , , Ksm bman AQUdbicK ^ jr 'Product application on a less-than-instanta- am ,^rrir.la, CJ1^ d^,™- t-n™ results >n a more spatially uniform, , . liamaB LjaiuLica be tut biower tnan jneous bas,s - .Htnx.qn more representative jj £ s ab|e yh|5 distribution of AquaBlok across
°r ̂  pract'ref •^,ClLClOS crec'se M ,s because smalle. particles ** targoted soo.ment su.fac.
Quantification of settling /eiccifes ŜBl ^ , ^ * ^ u, ^.' . , , . _ -, fa» have lower densities and higher
ror n;^ 5ett nq A'!û ;0k mas«s or ij surface-area-to-mass ratios man ""* to the "lrtual lack ofaetaied e,aluat,or. o how variable mass m , rtlcles. Dlfferences in •-'crtic.,! segregat.on of AquaB.w
or V,,ter-C0lumn :h,c ness may auant.ta- H ^ ye|oc|t|es as article s,zes dur ng bu.k-mass
tive:y at ect seaUrg benavior. As stated ^ fullctlyon of par?lcle size probabl descent through a field-scale «ater
previously, these ceployment-related "*™ --'• ~-^ -•"-''— ---,•.---....-..-, ;,-
issues are currently the subject of
ongoinq laboratory research

also occur for other AquaBlok' colljmn Product segregation is
formulations, although actual not obse^ed "lthin the aPPhed
values may differ. AquaBlok layer as it occurs across

the targeted sediment area.
Results gil Based on results of research
Table 1 summanzes results of average |Jj| at UT average settling velocities References

settling velocities of individual AquaBlok t|H reported above should approxi- Day- P-R- 1965- Particle fraclionation
particles through the small standing ii|i mate terminal settling velocities and particle-size analysis,
•water column '/vhiie Photograph 1 qualita- '^k for individual AquaBlok parti- PP- 545-567 in "Methods of Soil
tively illustrates typical particle-settling IS c|es of standard formulation. Analysis", Vol. 1, by C.A. Black (Ed.),
and dispersive behavior of bulk AquaBlok " ^S American Society of Agronomy.
masses during descent through large water 1» AquaBlok'" Masses
columns (in this case. 31 pounds of dry lffl Visuai observations of Dortch, M.S., tech. Ed. 1990.
AquaBlok' descending through a 3.8 foot l̂al typical settling masses "Methods of Determining the
water column) ||^ "(phot0graph i) indicate Long-Term Fate of Dredged Material

that, as expected, little to for Aquatic Disposal Sites,"
no difference in settling Technical Report D-90-1, U.S. Army
velocities appear to occur Corps of Engineers Waterways
as a function of particle Experiment Station, Vicksburg, Miss.
size when the product is
applied as a bulk mass
Instead, the mass
tends to behave
more-or-less as a
single, turbulent
and complex entity
as it descends
through the
water column.
When applied

Table 1.
Setting Behavior of individual Particles
(Standard Formulation).

AquaBlok~ Particle
Size Fraction (inches)

Average Setting
Velocity (ft/sec)

studies indicate that
a greater degree of
lateral dispersion tends

to occur with greater
water-column thickness,
and that such dispersion
may be constrained some-

__ what (during laboratory

flR302783 ~

to disperse AguaBiok, Ltd
during descent 3401 oiendale Avenue, Sun.? 300
(Photograph 1). Toledo, Ohio, u.S.A 43614
Results of several Phone (419) 385-2018
different column Fax (-119) 385-2990

e-mail SRIvicessvaquablokinfo.com



of the much leaner Table 1

Q_

J\C|UCtBIOK Ml 20BE forr^ulation Hydraulic Conductivity of Different
were tested to more AquaBlok1" Formulations.
accurately determine
analytical variability for

TEST REPORT #3' ** this method. Aqu?B]olC

CnnrilirtivitVbonuucimiy
Laboratory procedures

involved placing massesjpf,
___ dry AquaBlok" into ftexible-

Of J^f wall permeameters and thor-
oughly hydrating the samples
with de-aired municipal tap
water under pressure to assure

Background and $$ that samP|es were completely
nf Tflc+;n« Sai saturated prior to testing. The

Formulation;

50BE
40BE
20BE

Conductivity Values

5.93 x 10-»
3.94 x 10-9

Arithmetic Mean = 4.59 x 10'?
Geometric Mean = 4.52 x 105

pre-saturation process typically HH£ ••*«-*•?'•*. " '/:->According to guidance developed toflk from Qne to (wo weekS| tglp ŜK;' <: \
?y l^ M I rô oT °f E/lgl[ieerS H ^tii samples stopped taking in K ^ ggQ- . - i %,/ca/
°nno? ( Tm° al" H water from both ends, After •î lHHb:̂  jR- - AquaBlok"
1998), one principal function of an Kg samp|e saturation, the hydraulic F*S§Ze8BnSn&r s™Ple after
m-situ remedial sediment cap should g| conductivity test was run under 3 2 V»JCTSttJmt_ permeability
be to reduce the flux of dissolved gg CQnstant hydrauNc gradients 4̂BBIHMÎ M tosrf/r*.
contaminants from sediments into fgl , from approximate|y 17
the overlying water column. iffl| to JQ °m/cm for 20BE samples Similarly, low hydraulic conductivity
Contaminants can move from sedi- MB and from 2Q to 28 cm/cm for values observed for the more lean 20BE
merits into water - including underly- t|H 4QBE and 50BE samp|es. AquaBlok'" formulation and the relatively
ing ground water resources - through 1H| according to ASTM D 5084 bentonite-enriched 40BE and 50BE
advective as well as diffusive process- O» hydraulic conductivity values formulations implies that the presence
es. Advection refers to the movement of in gre presumab|y unaffected by of significant quantities of gravel within
bulk porewaters, the ultimate rate and in varjab!e hydraulic gradients the hydrated AquaBlok"' matrix has an
extent of which is largely a function of UQ _ testing values of which insignificant effect on AquaBlok" perform-
a substrate's hydraulic conductivity (or HL were be]ow the recom. ance as an effective hydraulic barrier.
permeability); advective movement of 8A mended maximum (30
contaminants involves contaminant JSfrn*̂  cm/cm) for testing Consistently low permeability values
movement by "mechanical" or r̂fffifi !8fov low-permeability for AquaBlok" can be achieved through
non-chemical means, In contrast, mUltr ' ffiHk (less than 10'7 controlled laboratory testing, which is
diffusion - or diffusive contami- _fl9Kn{]nBu cm/sec) materi- testament to both the reproducibility of
nant movement - is the process JHfl||__!|Vfl| als Photograph the testing procedure as well as the inher-
whereby contaminants dissolved r̂ l̂Eitfj«_B ]_ Sh0ws a typi- ently impervious nature of AquaBlok""s
in water are transported by Uw>»JK< " -Jk_̂ J ca| AquaBlok"1 clay component.
random molecular motion from V̂ ŝ iSQfV / sample during
areas of high concentration to Q̂tUKPv' permeability References
areas of low concentration (Palermo f -j HHfcHlr^ testing Palermo, M., S. Maynord, J. Miller,
et. al., 1998). The rate and extent V-̂ ^̂ TR and D. Reible. 1998. "Guidance for In-Situ
of contaminant movement p-rmf?3ft///H, testine IB Results Subaqueous Capping of Contaminated
by diffusion ,s primarily CfZJS- B Test.ng results Sediments," ERA 905-B96-004,
controlled by concentration S3moies WM are summarized Grea* Lakes National Program Office,
gradients, however, contami- p ' HH in Table i wjtn
nant attenuation by - or sorptton to - reactive Wtm the typical
substrates like AquaBlok"' can greatly reduce |H appearance
diffusion. AquaBlok""s chemical-attenuating IB j AquaBlok"'
abilities is the subject of TEST REPORT #7 gH samp|es after
whereas AquaBlok"1 permeability under saturated HB testing shown
conditions is the focus of the current test report. jgl } Photoeraoh 2

° H '
The purpose of this testing was to characterize BB| Observations

the hydraulic conductivity (permeability) of different fifl gpj
AquaBlok"1 formulations under controlled laboratory JHI Conclusions AauaBlok Ltd
conditions and using standard testing procedures. JB Saturated 3401 Glendale Avenue, Suite 300
Mo+hnHc mm AquaBlok'" is Toledo, Ohio, U.S.A. 43614
ivieinoas mm highly impervious Phone (419) 385-2018

Representative samples of three different H to advectjve f|ow Fax (419) 385-2990
AquaBlok'- formulations- 50BE, 40BE, and fl| and js quantitatively n services@aquablokinfo.com
20BE - were used to determine saturated mjj on the order of what
hydraulic conductivity in general conformance Ujj would typically ®1995 New Waste concepts, me.
With ASTM Method NO. 0 5084; typical ^m ^e exDected for AquiBlok-rj a trademark or New Waste Concepts, me
physical and compositional characteristics fM hvrlrahPd hPntnnitP AquaeioK-compoS1teDa-t,ci«arecatented
7 ..- f n n. , "• c i *• mm nyarareu OeniOfllLe. other patents pending.for this range of AquaBlok formulations mm
are provided in TEST REPORT #1. One if TeitingconductMbyHuiiiAsiociitts. me. rw WU»BIOK. LM
subsample for each of the 50BE and ^f R wrTor.'ginâ 'piSiaftd by°Siiticn? irK^nd'rev.sed by
40BE formulations was tested whereas mm AOUSBIOK, Ltd.
four subsamples ff LAST REV|SED 2/26/ggRR302781*





AquaBlok• ™ *8^ ln theory, the Boutwell Test
is based on the concept that

when the three-dimensional
geometry of a substrate's wetted
zone is varied systematically, the
vertical and horizontal permeabili-

TEST REPORT #4: mS ties also vary in a calculable maivner. That is. during "Stage I" of this
Field-Scale Hydraulic Hi Permeability test, the bottom of a

Jaw test: flole au9ered into a substrate is
ConduCtivitV Hff positioned flush with the bottom of Addition of bulk AquaBlok" to

Ha the cased (and water-fiiied) hole. testing vessels.
(Permeability) HB aliow'n9 for Phmarily vertical flow
v *' SSi from the casing into the substrate.
of AauaBlok™ fS ln contrast- 'Sta9e""of che testH Ka involves advancing the test hole

several inches beyond the bottom of
the water-filled casing, thus allowing
for significant horizontal flow through

Background and ^ substrate
The Boutwell Test has associated Hydrated AquaBlok" prior to

Results of bench-scale ||fi with it a number of boundary condition immanent installation
AquaBlok" testing indicate that, f|| requirements that must be met in order Instrumeni ™MMton.
under controlled laboratory condi- EQ for tne test to be considered valid.
tions and using standard testing Igjl AS described in detail by Boutwell hydration time between lifts. The final.
procedures, saturated AquaBlok ' ign (1992), such requirements range cumulative hydrated AquaBlok ' thick-
displays very low hydraulic conduc- «k from a minimal thickness of material ness in each vessel was approximately
tivity values (TEST REPORT #3). H i below the bottom of the test hole 3.5 feet (Photograph 2). At this point,
The highly impervious nature of
saturated AquaBlok1" contributes to
its ability to minimize flux of sediment-

during Stage II (8 inches) to a min- the AquaBlok '-filled vessels were ready
imum horizontal distance between for installation of the testing devices.
test holes (20 inches). Personal

borne contaminants into adjacent e@i communication with Dr. Gordon A total of seven permeameters and
surface- or ground-water bodies through Egs Boutwell confirmed that these one TEG (temperature effect gauge)
minimizing advective pore-water flow. iSk and other requisite assumptions unit were installed in the hydrated
As also discussed in TEST REPORT #3, ||a and conditions (Boutwell, AquaBlok", to total depths of about
contaminant flux reduction is considered Ijjffl 1992) were met through twenty inches below the material's
to be an important function of in-situ VJfft conducting our particular surface (Photograph 3). A hand auger
remedial caps. 1fi|a permeability test using was L|sed to drill the 4.5-inch diameter

AquaBlok". nofes to tne required depth, into which
The purpose of this test was to deter- Igk each test device was installed.

mine the permeability (hydraulic conduc- 1|8 The Boutwell Test (continued on back)
tivity) of hydrated AquaBlok ' on a large «n was performed out-
field-equivalent) scale using a recognized Hj| of-doors in two large.
and accepted procedure developed for Ipi (1000-gallon capaci-
evaluating the efficiency of clay based Wjm ty) plastic testing
landfill caps and liners. 19 vessels, each

__ equipped with
Test Method Background BH valving and drainage
and Procedures H a)°n9 P̂ meter

ru f- ,^ , u-.- t L- ,1 . MB sides and bases toThe field-scale permeability of hydrat- IS ||QW ror ;
ed AquaBlok' was determined using the JH » ^
Two-Stage Borehole Field Permeability fjjB vesse|y{jn order to
Test developed by Soil Testing Engineers, H meet ̂  CQn.
Inc. - a procedure also commonly known KB ^ ,rements),
as the Boutwel! Permeability Test. The Jfl instrumented Boutwell testing vessels.
Boutwell Test is a standardized field pro- •• Quantities of
cedure used for quantitatively evaluating 0 AquaBlok\ similar
the permeab ,ty of rainfall through clay JOT inHcompositlon to the
based landf. I caps, or leachate through jg 4QBE foHrmulation (see
constructed liner systems. The Boutwell mm ,cc, DCOnDT *n\T ^ • -j i _. -j .JL mmi i to i KtruKi 9 \),Test ,s wide y recogmzed and accepted by fi wefe d(jed ^ d̂

•-—S-
(Photograph 1), with

AR302785 —— aPpro»lmately oneway



Permeability testing involved collecting data m two different
sUges, as described above: Stage I of the test, during which vertical
permeability has the greatest affect, was conducted over a period of
sixteen days. Once the permeability values for Stage I had dpparent-
ly stabilized (which took approximately two weeks), Stage II was
conducted over a period of ten days. Visual and manual inspection
of hydrated (but pre-tested) AquaBlok" removed from augered test
holes indicated tnat the bentonite-rich material may not have been
fully hydrated during the initial oortion of Stage I monitoring.

Table 1. Calculated vertical and horizontal permeability through hydrated AquaBlok'" (n ~ 7 samples).

Calculated Vea P?rnieatili '"̂ .'•f-.'̂ '-̂ 'SSt-

Value Range Arithmetic Mean Geometric Mean
5.70x ID'9 to 8.65x 10'9 8.41 x 10'9
1.12x 10-3

Value Range Arithmetic Mean Geometric Mean
2.84x lO'8 3.26x IQ-* 3.23 x 1O8

to 3.96 x 10-s

Results and Observations
Results of large-scale AquaBlok'" permeability

testing using the Boutwell test method are
summarized in Table 1. For comparison, see
Table 1 of TEST REPORT ft3 for AquaBlok1"
permeability values determined on a bench
scale m the laboratory.

As can be seen m Table 1, calculated mean
permeability values for vertical and horizontal flow
through hydratec AquaBlok" on a field scale are quite
lew, on the order of \0° to 1Q-3 cm/sec; if, in fact, the
AquaBlok'" had been fully hydrated during Stage I, the
actual vertical component would likely have been lower.
Furthermore, AquaBlok" permeability on a field scale is
comparable to values determined under controlled condi-
tions in the laboratory, which ranged from 3.51 x 10" to
5.93 x 1Q-5 cm/sec for different product formulations (see
TEST REPORT «3).

Conclusions
Results of this large-scale field permeability test

indicate that AquaBlok1" - once in place and hydrated m
the field - can form not only an effective physical barrier
between contaminated substrate and the adjacent environ-
ment, but also an effective hydraulic barrier between such
ecosystem components. Whether considering a landfill,
Jeepwater, or wetland application scenario, such character-
istically low permeabilities would help protect against
the downward migration of dissolved contaminants into
underlying ground water resources, as well as upward
migration of contaminated pore waters into an JmM AauaBlok Ltd
overlying water :olumn. jjjj 3401 Qlendale Avenue, Suite 300

Toledo, Ohio, U.S.A. 43614
Phone (419) 385-2018Fax (4ig) 385_2990

Boutwell, G.P., 1992. The STEI Two-Stage Borehole Field jjg e_maj,. services@aquablokmfo.
Permeability Test. Presented to "Containment Liner
Technology and Subtitle D" seminar sponsored by
Geotechnical Committee, Houston Branch, ASCE,
Houston, Texas - March 12, 1992.

AquaBlok
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AquaBlok

TEST REPORT #5:
Response of AquaBlok
and Non-Cohesive,:;

Side view of AquaBI ok™ -over-sand sample prior to testing.

tank that supplies and receives flow through the use of in-line valves).
•3 to and from the sample chamber. The system configuration allows for

Background and H The sample chamber is connected to establishing and periodically checking
Purpose Of Testing fg the rest of the flume system through flow velocities by diverting flume-cham-
According to the U.S. Army Corps i& f'ex'b'e hosing and threaded unions- ^er discharge from the holding tank into

of Engineers (Palermo et al 1998) IH 3 volurne-calibrated drum and measuring
one principal function of an'.n-situ ' « Depfdin9 on Pr°Ject needs, the time required to pass a specific
remedial sediment cap - in addition HI ***** Parameters and Procedures water volume across the test sample.
to reducing contaminant flux as H f°r f'Te te?ing Ca" ™y W'th r6SpeCt Flow velocities over a 9iven sample -
discussed in TEST REPORT #3 lls induced flow velocities, flow dura- in units of feet per second - can then
should be to stabilize contaminated « tlon' Sampl! S'ze Ol" confi9uration- ^ calculated using bulk-flow measure-
sediments, preventing their re-suspen- Ii f̂'̂ f̂ T Pefi°dS; ̂  , ments t0g6ther With estimates Of thesion and subsequent transport to tH Nevertheless' the general procedure cross- sectional surface area over the top
other {e.g. downstream) locations ill tyP'Ca 'y USed dmng teSting of a samPle- Flow velocities are referred
installation and maintenance-m-place of fl 'S 3S ?'OWS; a *****$«** , to in terms of approximate ranges
remedial caps that withstand significant lH ^^ 'S P'aced '"to ̂  c!ear' because cross-sectional areas can vary
erosional forces related to hydrologically W sem.-c.rcular. two-foot-long along sample length (due to variable
dynamic systems (like rivers or « x 1 -5'inch h'gh acryllc sample 5ufface topography) and also over time
estuaries) will minimize expo- ^̂ 2̂L holder (phot°9rapr> 2): (due to continued clay hydration
sure, redistribution and ..mmmMmmmmm̂  samP'es are typically and/or erosional losses).
dispersion of the sedi- Jammmmmmmmmmm.. lc into the >
ments being capped /immSSmmmmtGB.i&̂  holder to result In After testin9- a samPle can tnen

£$mmmtSma.mmi.̂ .amm̂  a surface that is be amoved from the chamber and
The purpose of J«HH..H.PHHk °'4 t0 °'8 re-weighed to determine mass loss

this set of laboratory ffiffriBB̂ BIBBI Ptl̂ 'Jlti'̂  inches above through erosion' The Physical resP°nse
tests was to demon- JiiliBiroSî Byll̂ ^ the Cop edge of samP'es during and after testing can
strate the relative Î _̂ _̂ _̂ _̂ _9_H_0HIÎ H °r the h°lder' be evaluated in various waVs- including:
physical resistance l9R0-lffiĵ _̂ _̂ _̂ B̂,̂ B thUS plac'n9 visual observation and video documenta-
of hydrated P̂̂ Smmmî Smfmmm̂ mi a P0lti°n °f tion< P'e-/post-tesi weight comparisons.
AquaBlok- of stan V*̂ '''***"'Bl̂ B_H,_niBr the sample or estimatin9 clay mass loss based on
dard formulation and \ Vmmmm^ direct'y into CypicaL pre'test A^uaBlok^ compositions

'
fluvial-like eros-ve (scour) The ̂  )e is tnen
forces of known velocity ^̂ -̂̂ Ŝ Ĥ J f ̂  M y ! . L e
and duration. • careful|y 'nserted into

ma the sample chamber.
ft* *u ̂  Large-scale circulating H Flat and sloped spacer
(VletnodS flume system. H sections are placed into
For several different JH the flume chamber - both

projects, the physical resistance of a variety of |JB "upstream" and "down-
saturated AquaBlok", fine-grained sediment, JV stream" - to establish
and sand samples have been characterized in fftt more uniform flow
the laboratory using a circulating flume system, mm over the test sample.
This flume system (Photograph 1) is mm
comprised of a 7.5-foot long x 4 inch- ^f Once the flume chamber is
internal-diameter, clear PVC sample g closed and secured, water is
chamber, a pump, and a holding JH pumped across the sample

surface at controllable flow
velocities (as manipulated



Results and Observations
Results of multiple flume tests indicate that insignif-

icart AquaBlok eiosion occurs at flow velocities
as high as 5 to 6 fusee, and for continuous flow
durations of" as long as 5 days. Photograph 3
illustrates typical AquaBlok' sample i espouse
to ;'ume testing.

©
Typical plan-view appearance of AquaBlok^ sample after testing
(red ribbons are flow indicators).

In contrast to Aq'jaBick' s resistance under
high-flow conditions, erodability is typically high
foi sand and unconsolidated, fine-grained sedi-
ments at flow 'jelooities of ~2 ft/sec or less, and
foi flow periods of as short as 10 to 20 minutes,
sucn unconsolidated satinated materials can dis-
plav 90 percent plus mass loss undei these lela-
tively passive flow conditions.

Conclusions
Laboratory study or erosion lesistance of AquaBlok '

uncer various testing conditions indicates that saiurat
ed AquaBlok is ir-latively resistant to significant - and
susiained - fluvial like erosive forces. As a result.
sediments occurnnq in lotic iflowinq-watei) environments
and overlain by Ac;uaBlok or AquaBlok -based capping
systems should remain m place and physically stabilized
dining high-flow e/ents In contrast, other materials such
as less-cohesive sediments and sands piove much less
lesistant Jo erosive forces. Depending on a site's hydrolog-
ic^ydmulic conditions capping of sediments with less
sour-resistant mcteuols like sand may not offer the same
oeqree of sedimei t stabilization as would AquaBlok'
cacpmq. 01 would iequire excessive thicknesses of sand
tha: could mteirei'} ,vith wateiway naviqdlion
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AquaBlokTM MUM This test report addresses
typical sediment responses to

AquaBlok applications as well
as the subsequent development
of hydrated AquaBlok ' caps

TrCT Dcnnrvr JLC KM The SP6̂  purpose of this laboratory
I to I KtrUK I ffb: Jffiff test was four-fold: {!) to demonstrate

gjjjj AquaBlok" cap development and proper-
DBvelopment and Osi ries as a functi°n °f product formulation.

«H on a relative'y 5rnal1 sca|e and without
Funrtinn nf ffî  sediment present; (2) to demonstrate typical

IUUUI' Ul "™ sediment responses to bulk AquaBlok '
applications on a large scale; (3} to demon-
strate the nature of AquaBlok ' cap develop-
ment over the top of sediments over time;
and (4) to demonstrate the degree of
physical as well as hydraulic isolation of
sediments achieved by AquaBlok'
applications on a large scale,

Backgrounded HJ Methods
Purpose of Testing
Two principal functions of in-situ

remedial sediment caps, according to
the U.S. Army Corps of Engineers
(Palermo et. al., 1998), should be to
reduce the flux of dissolved sediment- wra „.„ . . ,,, , . , , ...rj sr t int the , m rs :r rcao °ir̂  Lns5'
r̂ZSZT̂ n̂ L ft ——— ̂B,OK appllcatlo.

For different projects, numerous laboratory
studies characterizing water and sediment
responses to AquaBlok' applications and
subsequent cap development have been
conducted at different column scales and

Aquar°i' mrr rfi f . .\, Via ies have involved the use of small acrylic
nr f'uxof<ontam'nant-be3rin9 « columns: small-coiumn studies have been
??<?Jl?DnD?̂ r°Hr?/ IS HI condL'cted with and w»™t sediment Pro«dures For column operation and

A m E ̂ TS 3 an' ! H M components present beneath the da" collection during and after AquaBlok
' '* ' addiuon WP'call include observation of„„„,„ ,. , TI-_T ___ AquaBlok' cap. More recent column

PFPHDT*-T I f J F H J „ HI studies have involved the use of a the fo1 Iowin9^ d««nt of the bulk AquaBlok
SfSSL * h Pĥ ICf' re!is ance Of h^rated W k much larger (23-inch x 23-inch x 1 2 mass and disperaon through the waterAquaBlok to substantial hydrologic erosive »w* » __j..— .,__ ,,.—. .r —1._,—... ._c--_
forces - resulting in stabilization of underlying,
capped sediments - is the subject of
TCCT DCDnDT we VB&ffil ml3 iieiu-9»,ene actLiiuy i^uiuiiin 15 , . . ,
i tb l KtPORi #5. ^M. equipped with a gravity drainage W(th 3nd settlement into the sediment; the

foot-tall), steel-reinforced Plexiglas column; the degree of sediment-surface
settling column (Photograph 1). coverage, sediment penetration and sedi-
This field-scale settling column is ment re-suspension upon particle impact

system mat a|lows ror mon,toring rate and s*^ °f AquaBlok hydration and
A third recommended function of remedial lg| ^ wa[gr f|Qw t|TO h th 3 thickness increase over time; and ultimately,

sediment caps - the physical isolation of 1U column Usinq lhjs apparatus the de9ree of sediment isolation, including
contaminated sediments from the benthic (macroin- |ga h ben'vior Jf water column post-cap flow measurements to determine
vertebrate) environment - can also be fulfilled by I&& ,oriim0nr anri ranmnn ' hydraulic isolation, (continued on back)

' H Sng their
Most mud d qf « hV*aulic behavi°r ' an be

1
M? n , h I r f °tHer ' P'7S1Cally S'm; K ' "^ • Clea?column sides also facili-n̂,pl; ± the re-colonization o burrowing W V|sual observation and
Zn f F t *ove s,mply isolating the H quantification of water, cap.
nJn 7f fC0n,taminated 5edimentS THhe H and sediment dynamics.potential for natural deposition of clean sediments mjm J

organisms from contaminated sediments to an jff Ẑ̂ AquaeSk-
even greater decree mm ^^-.- • ?, - , ̂s y mm additions, typically include

, n, , ., ., L ^H the following: placement of
h nq , HS Uhn'qUe f^butelas a physical' . • the desired sediment type andhydraulic and chemical barrier between contaminated ffiB rniri(no« fun m rhrPP fppri_ i-_ _fc _.-.._ i • i , . mmmm tiii^Micaj ̂ «M LU LMICC iccijsediments and the overlying water column (or underly- jjj ^ ̂  ̂  addjtjon Qf
ing ground water) appear evident. Nevertheless, in H desjred thickness (and }
order for the AquaBlok technology to effectively SU Qf watef ̂  lne t of (he ̂
meet such functional objectives within a large-scale gj {Q Q Q[ g feet; a||ow,
abora ory or real-field setting, development of a « for watfir 5Wificatjon gnd sedim^nt
aterally continuous, hydrated AquaBlok cap above JH stabj,ization through se|f.consolida.
the sediment/water-column interne is essential. mS tion benegth ̂  w^ter co|umn; an<j

determination of pre-cap flow through
the sediment, with or without

^^ manipulations to the water height.
RR302789



Results and Observations aiy Physical and Hydrologic Isolation of Sediment by AquaBlok" Caps
Pt,ys.ca< soiation of Ojntarp'naied it;!1 [""on-, from '.he ovfii!y'rv:

C.ip Development and Properties as a Function of J jjff 's ̂ f^'-tivpiy achieved throuqn i\w for-rnion M -, lately cor.nr.uoi
AquaSlok" Formulation J V Ar;i;a3lok laver atop ;he sed,ments iP^onqraph Zi As .in.srr^pc! I:
ri-; rate ana net veaical extent of cap ̂ Dans,^, M M 'V̂ ^ -;1P '.r.ickn esses will depend on a vane-/ if factor:

::v:<ness) will vary <;;epenrimg nn a ni.muei ':f '-;c'crs jfjjji p-'̂ a.iar Ani.J;i3,ok formulation 'j'.-e;
•TiL'jinq the type ,:t sediment beiny japped r-'cduc',

jF rr& -f-^-- -f AnuaBiok • '••"•>.,i.v.'-.r -P JS8f ': urnn 5 'V1J" {ic;int'V recjuced r;?laiive ;n pre capping f'ow - thus ;m:c?nrg r-v! ;' v^

AquaBlok^
Formulation

70BE (70% clay)
50F3E (50% Clay)
20BE (20% clay)

Hydrated Cap
:J Thickness . -
Range (inches)

4.0- 5.3
3.7 -5.2
2.5-3,6

Net
Vertical
Expansion
(% initial)
233 -354
219 - 340
135 • 213

Average
Wet Bulk

Density (g/cc) .

1.23
1.32
1.53

Average
_ Moisture; Content
ŷ% piy Weigĥ  :;

175.3
170.7
88.9

Figure 1.
'•jscnptions and pi ysical characteristics rjf ^9 Conclusions Vertical Flow through
e above AquaBiok formulations are included WPft Aii'.iaBlok can Large-Scale Column.

:n feST REPORT #1 The tabled data were cenved ^M f''-rri ;1 continuous
'nrcLqh using rephca'e four-men, fresh-wate'-Miec ^^n ir'1 '-'••hesive physical
acn.l c cclLmns :md < Dusk AquaBlok aoc'icc'tior ^ 1 hyiraulic and chemi
:a:e v - " 0 <;• cour'Ms square too: ;o eac.'1 cpni'-;n » A ;\il namer over the top

1 ' 1 4 . B E A i . - <
tiers, as closely a- oo^sible. colunn desiqn 31 lowed IJJam "lents. inerebv pio-
for -rodiict nvdration Erom oelow as .veil as above ;he ^^i "ecti".g ovfiriyinq
capping iayei. over fine sennas of *rom ."̂v., •;, ̂7 uays Kfflft ."Jeppvvatfir or '.v̂ t

land ecosystems
Sediment Response to AquaBlok~ Applications ^A ancl tneir
buying degrees of '.saiment re-suspension can occur miw ;rnabitants

dur f'q AquaBlok Da-;>c:e impact with fie sediment sui- IgA AouaBtok ^ ., . „ ., - . . . VESA , ,. Without Withface trending Dnm-iniy on seaiment texture and oroduct ^» cap designs - <-s AquaBlok Cap AquaBlok Cap
application rates Sui pended sediments r? - a e posited onto SJH we" as ^'e
thfi r:yaratinq Aq'iaBhk nass are effectively encased with- l^H AquaBlok forvularjon
in ne riJly hvdr?ted ;ap 'f needed. re-suspens:on can be llflB pfoject specific
irpit'V "duceu 'Cunni nephvinent bv first placing a thin
sard saver atop t ;e t; ne(ed seel inert prior ;o AquaBlok
,:nri cat IT

IV ri r';al sed.ni^rir renetra! or'' and settlement typically occurs
dur ,-g md after .;Uk AquaBlok application through four to n.ne IB Air-f,l!ed voids beneath the
<-,-, -n,;-rt ,v*[3r T..̂ -̂  even wner annivmg to relatively soft H AquaBlok "/sediment interface.
Tti'": 'ice ]f jinfti ;:ei etnt ''r!---e'"siuvei sediments Minimal parn-
c,e [itn,-;;c'i 'iti rbe iec"-'!"1; ̂ sures j'.at the cap will develop

"a1

4-Foot Water Column
Above Sediment Surface

AquaBlokŝr̂ n̂ 'r nHHP I ?T^gm^
SiiS!S;r i S:?=:̂
-S?H5;:SS fH_iIIli_i 3MLSTS; •-
P1 :"e ' -': ° ibU'TeniS ^̂ ÎMfl W "Guidance for In-Situ AquaBlok. Ltd
Fllt'XJI;'L"" m&mmmmm&®mm&mai subaqueous Capping of 3401 Glendale Avenue, Suite 300

Contaminated Sediments", Toledo, Ohio, USA. 4361 4
ERA 905-B96-004, Great Lakes Phone (419) 385-2018
National Program Office, Fax (419) 385-2990

__________ Chicago, IL. e-mail; services^aquablokinfo com
f n ̂mtimmySfmKfl

Hydrated AquaBlok' cap formed
over the top of sediments.
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AqyaBlok

i-. . - . BBf stantial merit as a hydraulic barrier (TEST REPORT #3), but also as acontaminant

TM JSS7 clay minerals are natural and essentially inert with physical and
chemical properties that are well understood. They have long been
used in the environmental industry to contain or isolate various haz-
ardous substances, primarily because of their relatively low permeability
to aqueous solutions, tn particular, dentonite, which is a geologic deposit
rich in smectite clays, has been used extensively as an integral compo-
nent of drilling fluids, in landfill liner and capping systems, and in slurry

DFPHDT ,,-j, mm wa"s f°r diverting ground ..water flow. Bentonite is a principle component of
KtKUKI ff/: Km typical formulations of AquaBibk" (TEST REPORT #1) and not only has sub-

stantial merit as a hydra
chemical barrier as well.

Because of its mineralogical and surface-charge configuration, montmorif-
. _. , ™ Qg lonite - typically the major component of bentonite - has an inherently large
AqUdblOK JjgJ surface area compared to other commonly occurring "plate-tike" clay minerals

(Table 1). This high surface area, in combination with water's affinity for mont-
morillonite's negatively charged surfaces, results in significant physical expan-
sion of the clay upon its hydration (TEST REPORT # 6). The high surface area
and negatively charged surfaces also account for the clay's ability to sorb or

exchange relatively large quantities
of dissolved cations (Table 1).

Table 1. Physical and Chemical Properties of Montmoriilonite and Other
Selected Phyllosilicate Minerals (from Bohn et. al.. 1979). Published research indicates that

naturally occurring montmoriilonite and

Montmoriiionite
Mica

Kaolinite

Surface Area (m*/g)

600 - 800
20 • 40

Expands Upon

10-20 No

Yes
NO

Ĉation Exchange.,:.

80 - 120
70-120
1 - 10

bentonite can not only sorb innocuous
base-metal cations like calcium, magne-
sium, and sodium, but can also sorb -
or attenuate - potentially toxic heavy
metal cations onto clay surfaces, effec-
tively keeping such metals out of the
bulk solution phase of pore and
surface waters. Batch-shaking and flow-
through column studies typically indi-

_ ., „ ., , „ . e „ , . „ .,, . _, cate significant removal of heavy metalTable 2. Heavy Metal Sorption from Solution onto Montmoriiionite and cations like dissolved lead copper
Bentonite (From Bereket et- al., 1997' and Lothenbach et. al.. 1997'). _inc cadmiim and nickel from

solution onto montmoriilonite andHeavy. Metal

Lead
Copper
Zinc

Cadmium
Nickel

Montmoriiionite' : -
(initial solution pH « 5) - bentonite (Table 2).
—^Percent of MetalBemwfeî il̂ &K The degree of meta, attenuation by

82 20-100
56 20-100
34 20 - 40
71 15-20

No data available 15 - 20

montmoriilonite and bentonite differs
between charged metal species and
also with system variables including:
pH, competition between metals for
exchange or sorption sites, total
salt concentrations in solution,
oxidation-reduction potential, presence
of dissolved organic substances, and
speciation of metal ions in solution.

For example, lead and copper typically sorb more strongly to most
clay mineral surfaces, including montmoriilonite, than do zinc
and cadmium, and metal sorption is usually greater overall in
higher-pH systems. Published research also generally indicates
that, despite such systematic factors affecting ion sorption. heavy
metal cations are held more strongly to montmoriilonite and ben-
tonite than mono- and divalent base-metal cations. Additionally,
a greater degree of metal sorption occurs to montmoriilonite than
to other lower surface-area clays like kaolinite. In many situations,
oxides of iron, manganese, or aluminum can accentuate heavy metal
sorption to clay rich substrates, (continued on back)
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• i.-:C ;-•!','Mv "j ir.ed ::;i:i'i"S ' ;•! metai JIw In sumiriary. 'VjuaL'.lck
• :-,•'( ••!'• Kte^ua'ion urcer comioiled laboratory jim moving into giouut] -vai^r
•• .iviiiiC'iib :i'on'iTr;r;i!onite and Lieutonite have JEMJ communities inhabiting r.
f i i t r 1 f^een ired u deferent ;ac,'acities in the envi- mai AquaBlok "s inherently low penne
i j iniHiital indus1; / ro1 immobilize neavy metals iim Pollui;ants '̂ ->m 5Llch envuonments
in contaminated soils and ic-diuients. remove jjja as an eiosion-resistant. pnysical .int
n;.KaiS ':oir, 'jinlfnl ledunates and leniove met- Jagf ^d1 sediments and watei resouices, b

.vjste'.vatei^ [."'ue to its low ^CT compositionally tailored to maximize
!','->jfbmo capabih- ^^f specific metal 01 organic pollutants depending
. i-,fV • -.n^|,-jPi-,^] JBsi site-specif ic conditions anil needs
:~;itf-r iui ing d;s
Su..h lem-d.al ^f References
h.'i iii.itendls /Jill Jgy Bereket, G., A. Aroguz, and M. Ozel, 1997
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APPENDIX E
COMMENT/RESPONSE DOCUMENT

FEASIBILITY STUDY - OPERABLE UNIT 2
FORMER SHARON, PENNSYLVANIA FACILITY

GENERAL COMMENTS
COMMENT No. 1: The FS Report should contain a listing of acronyms that are used
in the document since there are numerous acronyms and a reader who is reading
just one section, and who has not necessarily read the full written explanation for
any given acronym in the text, would have difficulty finding an explanation of that
acronym.

RESPONSE: A list of acronyms will be added to the report.

COMMENT No. 2: For all alternatives that would involve disturbance of soil or
sediments, there should be provisions included to protect the water intake for the
Shenango Valley Water Authority. These could consist of monitoring, filtration,
temporary upstream intakes, or other methods to ensure that Site-related chemicals
are not migrating to and entering that intake at unacceptable levels.

RESPONSE: We concur that during such remedial actions, a minimum additional
activity should include monitoring of the intake. The remedial alternative
descriptions in Sections 4.1.2 and 4.1.3 and subsequent sections will be expanded
to describe potential provisions for protecting the intake. CBS will be contacting
the water authority with respect to the administrative and technical feasibility of
such provisions, such that their issues and/or concerns can be addressed in the
development of the Proposed Plan.

COMMENT No. 3: In Section 4, the ground water alternatives, in all cases, include
only 3 options which are essentially no action or limited action for non-NAPL areas.
All of the alternatives assume that no treatment other than monitored natural
attenuation would be used for COPCs outside of the NAPL areas. Alternatives other
than monitored natural attenuation should also be evaluated for the non-NAPL
areas.

RESPONSE: As described in Sections 4.2.4 and 4.2.5, groundwater Alternatives 4
and 5 both address a broader area of groundwater through in-situ or ex-situ
treatment, in addition to NAPL source removal. The preliminary extent of the
treatment area for these alternatives are described as those areas where current
contaminant concentrations above the USEPA MCL or PADEP Act 2 standard, an
area which extends roughly from Well M-17 to Well OS-1 A. The actual area
included in these alternatives would be based on the performance standards to be
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determined in the Record of Decision, as well as additional pre-design sampling,
if needed. The text will be modified to more clearly define these alternatives.

COMMENT No. 4: References to (former) ARMCO properties should now be
"former(ly) ARMCO..." or "AK Steel." References to (former) Conrail properties
should now be "former(ly) Conrail" or "Pennsylvania Lines, LLC." [Pennsylvania
Lines, LLC is apparently now the owner of record and it is my understanding that it
is a subsidiary of Norfolk Southern Corporation].

RESPONSE: These references will be modified appropriately.

COMMENT No. 5: Sediment alternatives for the 6"-50" sediment depth should be
developed. The proposal to remove only the top 6" and add backfill fails to account
for contamination below 6", as well as the potential for redistribution of added
material to expose underlying contaminated sediments. Several samples from the
6"-50" depth in zones 14 and 15 contained PCB concentrations >lppm. The top 6"
is the biologically active zone for invertebrates, but hibernating species such as
snapping turtles may be exposed to sediments further below the surface. Secondly,
findings at other contaminated sites and sedimentation patterns indicate that
sediments adjacent to dams hold significant PCB mass.

RESPONSE: RESPONSE: CBS understands the agencies concerns regarding
deeper impacted sediments which may remain after a remedial action is
performed. However, capping of underlying sediments with uncontaminated
materials is a remedial alternative often proposed by EPA

We believe that the remediation goals for sediment must be carefully developed in
order to establish a realistic endpoint which is protective (in both the short and
long term) of human health and the environment, with the performance standard
being demonstrably achievable in order for the remedy to be consistent with the
NCP.

As noted in Section 6.1.4 (formerly 6.1.3) of the FS, environmental dredging
operations in other riverine systems with the goal of removing impacted
sediments to low residual levels (such as 1 mg/kg PCBs or lower) have commonly
failed to demonstrate achievement of this goal, apparently due to the inevitable
resuspension and redistribution of impacted sediments during dredging
operations.

In an attempt to directly address agency concerns, considering lessons learned
from other sediment remediation efforts, CBS has modified the FS to include two
sediment remediation scenarios. One is a "limited" excavation alternative
(maximum 12 inches) followed by placement of a clean, erosion-resistant cover
material such as AquaBlok™ and/or appropriately sized rock. The second
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excavation alternative includes removal of impacted sediments to a maximum
depth of 4 feet, followed by placement of a clean, erosion resistant cover material.
(See also Comment No. 45.)

With respect to the dam sediments, the results of the sampling performed in April
2000 indicate that the presence of fine-grained sediments adjacent to the dam
appears to be somewhat limited, and total PCB concentrations of sampleable
material within 60 feet of the dam were below 0.4 mg/kg.

COMMENT No. 6: A table of potential ARARs pertaining to the various alternatives
should be included in the "Tables" portion of the document.

RESPONSE: The requested table(s) will be included.

SPECIFIC COMMENTS
COMMENT No. 7: Page 1-15; top paragraph: The last sentence is misleading.
Please delete it.

RESPONSE: The referenced sentence is an objective statement based on a review
of the data contained in the Roemer facility closure report. The text will,
however, be modified.

COMMENT No. 8: Section 1.7, 3rd paragraph; page 2-8, last paragraph; Section
5.4.1, Overall Protection; page 6-6,1st paragraph: Ground water flows toward the
river, and the municipal water intake is 1600* downstream on the river. Therefore,
the relationship of the Site-related ground water contamination to the public water
supply should be expressed.

RESPONSE: CBS acknowledges that alluvial groundwater generally flows west-
southwest toward the Shenango River. Based on the Site's distance from the river
(800 to 2000 feet), the relatively slow rate of groundwater linear velocity (50 feet
per year), and the results of sampling surface water in the Shenango River and
groundwater between the Site and the river, it appears that impacted groundwater
from the site is not impacting surface water. The referenced sections will be
modified.

COMMENT No. 9: Page 1-19; 3rd paragraph, 2nd sentence: The south sector and
middle sector risk drivers include dioxin.

RESPONSE: The text will be modified appropriately.

COMMENT No. 10: Section 1.7, page 4-3, last paragraph; page 5-7, last paragraph;
page 5-8, next-to-last paragraph; page 5-10,1st paragraph; page 5-11, last
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paragraph; page 6-2, 2nd paragraph; page 6-2, last paragraph: The sediment was
also identified qualitatively as a potential concern for human health via fish
consumption. For the river surface water, EPA found a potential concern for
swimmers at one location.

RESPONSE: The text will be revised to include these potential concerns.

COMMENT No. 11: Section 1.8; second paragraph: Studies published in 1995, 1996,
and 1998, since the Screening-Level Ecological Risk Assessment have resulted in
revised NOAELs for PCB toxicity in birds (Summer et al. 1996) and mammals
(Heaton et al. 1995, Restum et al. 1998). In particular, these studies examined
effects of exposure to metabolized, bioaccumulated PCBs present in fish tissue in
multiple generations of mink and chickens. Using these NOAELs, the EEQs for
heron, kingfisher, and mink increase 57-, 57-, and 25-fold, respectively. Therefore,
the 1997 ERA underestimates ecological risk and is neither "very conservative" nor
representative of "a worst case scenario". Please revise the text accordingly.

RESPONSE: The sentence characterizing the nature of the ERA will be deleted.

COMMENT No. 12: Section 1.9.1; page 1-22, second sentence: In accordance with
the Supplemental Sampling and Analysis Plan, areas for the additional sediment
sampling were chosen based on previous RI sediment samples exceeding 1.0 ppm for
PCBs.

RESPONSE: The text will be modified appropriately.

COMMENT No. 13: Table 1-1: The total residential cancer risk, not just the adult
cancer risk, should be shown. Noncarcinogens with His less than 1 should be shown
if they can contribute to an HI of 1 in combination with other noncarcinogens.
Changes due to updated toxicity criteria should also be incorporated (the RI does
not have to be redone, but the FS should include updated numbers).

RESPONSE: The table will be modified to incorporate the updated risk numbers.

COMMENT No. 14: Section 1.9.2; page 1-23,1st bullet: The three plumes should be
briefly identified, or reference made to section 1.10.2 where these plumes are
identified.

RESPONSE: The text will be modified accordingly.

COMMENT No. 15: Section 1.9.2; page 1-24,1st and 3rd bullet: "Significantly,"
"slightly," and "substantially" should be briefly defined. Note that detection limits
should also be considered when looking at trends. For example, results of "<200
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l" in the first round and "45 p.g/1" in the second round cannot be specifically
identified as increasing, decreasing, or staying the same.

RESPONSE: The text will be modified to describe observed trends in terms of
orders of magnitude or percent changes where the data is available to support
such statements.

COMMENT No. 16: Section 1.9.2; page 1-24,5th bullet: Chlorobenzene was detected
in M-l IB in July 1999. Also, please update this section to reflect the approved work
plan for the additional bedrock wells and well M-11B abandonment.

RESPONSE: The text will be revised appropriately, and will include as much
information as is currently available with respect to the ongoing bedrock
assessment activities.

COMMENT No. 17: Section 1.10.1; page 1-27,1st paragraph: It should be noted that
the Department and EPA expressed concern about the potential for
bioconcentration of PCBs in fish tissue and ultimate human consumption, a
pathway that could not be quantitated during the RI.

RESPONSE: The text will be modified appropriately.

COMMENT No. 18: Section 1.10.2; 1st paragraph: Metals may also be mobilized by
solvents in the groundwater.

RESPONSE: The paragraph will be modified to include this consideration.

COMMENT No. 19: Section 1.10.3; last sentence: Several example substances should
be listed to replace the term "these compounds."

RESPONSE: The text will be modified appropriately.

COMMENT No. 20: The tables corresponding to Section 1 do not display
groundwater dioxin results. These should be included.

RESPONSE: The dioxin results will be added to the tables.

COMMENT No. 21: Section 2.1.1; page 2-4,3rd paragraph: In the sentence that
begins with "The SDWA states that...," those four words should be deleted from the
sentence.

RESPONSE: The text will be revised accordingly.
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COMMENT No. 22: Section 2.1.1; page 2-6, 1st paragraph: The sentence beginning
with 'These standards..." should be deleted. In the last sentence of the paragraph,
the reference to local requirements should be deleted.

RESPONSE: The text will be revised accordingly.

COMMENT No. 23: Section 2.1.1; page 2-6, 3rd paragraph: The term "thermal
treatment" should be deleted from the third sentence.

RESPONSE: The text will be revised accordingly.

COMMENT No. 24: Section 2.1.2: At the beginning of this section, there should be a
sentence such as, "This Section presents a summary of potential location-specific
ARARs and TBCs."

RESPONSE: The text will be revised accordingly.

COMMENT No. 25: Section 2.1.2 should list the federal Clean Water Act, Section 311
as a potential ARAR.

RESPONSE: The text will be revised accordingly.

COMMENT No. 26: Page 2-8: The last three paragraphs on this page are
unnecessary and should be deleted.

RESPONSE: The text will be revised accordingly.

COMMENT No. 27: Section 2.1.3: At the beginning of this section, there should be a
sentence such as, "This Section presents a summary of potential action-specific
ARARs and TBCs."

RESPONSE: The text will be revised accordingly.

COMMENT No. 28: Page 2-13; 4th paragraph: This paragraph should be deleted.
NEPA is not an ARAR for Superfund remedial actions.

RESPONSE: The text will be revised accordingly.

COMMENT No. 29: Section 2.2.1; Page 2-16: An additional remedial action
objective would be to reduce the exposure of human and ecological receptors to
consumption of contaminated fish.

RESPONSE: The text will be revised accordingly.
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COMMENT No. 30: Section 2.2.2: Alluvial His range from 370 to 5E6. The
paragraph should be adjusted to reflect this. Also, the discussions and displays of
alluvial groundwater risks should also include lead (Pb).

RESPONSE: The text and tables will be revised appropriately.

COMMENT No. 31: Section 2.2.3: Bedrock cancer risks range up to 6E-3; His range
up to 350. The first paragraph of the section should be adjusted to reflect this.

RESPONSE: The text will be revised accordingly.

COMMENT No. 32: Table 2-3: The table should be adjusted in accordance with
Table 1-1. Therefore, the PRG at IE-6 cancer risk and the PRG at HI of 1 each
would be as indicated (other risks can be determined by multiplication or division,
as appropriate; separation by target organ is also possible).

ADDITIONAL COMMENTS ON TABLE 2-3
COMMENT No. 33 A: Table 2-3 should also be footnoted to show that choosing all the
numbers in the IE-4 column would result in a total cancer risk greater than IE-4.

COMMENT No. 33B: Lead (Pb) should be added.

COMMENT No. 33c: The MCL/Act 2 column numbers should be amended as
follows: Aroclor 1254, 0.5 (ig/l; nickel, MCL remanded; identify source of vanadium
and 1,3-DCB numbers. Add values for cadmium, copper, 2,4-DCP, 1,2-DCB, zinc,
and lead.

COMMENT No. 33D: The maximum concentrations based on the RI risk assessment
should be: arsenic, 394 ug/l; Aroclor 1254, 14 pg/1; beryllium, 6.9 jjg/1; 1,4-DCB, 610
Ug/l; 2,3,7,8-TCDD, 1.46E-5 ng/1; iron, 308000 u£/l; chlorobenzene, 230 |ig/l;
manganese, 7450 pg/1; aluminum, 97900 ng/1; chromium, 482 jig/l; 1,2,4-TCB, 110
Ug/l; nickel, 717 |ig/l; vanadium, 175 fig/1; 1,3-DCB, 620 pg/l; mercury, 1.5 ̂ g/l;
barium, 899 ug/l; cadmium, 5.2 ug/l; copper, 385 ̂ ig/1; 2,4-DCP, 12 jig/I; 1,2-DCB,
270 ug/l; zinc, 1790 jig/I; lead, 246 jig/I.

COMMENT No. 33E: The maximum concentrations from 1999 data should be:
manganese, 12500 |ig/l (duplicate of 12300 (Og/1); cadmium, ND; copper, 4.4 jig/1;
2,4-DCP, 2 ug/l; 1,2-DCB, 61 (ig/1; zinc, 170 jig/1; lead, ND.

RESPONSE: Table 2-3 will be modified in response to these comments. Note that
for inorganics, the maximum detected concentrations were shown for dissolved
(filtered) metals, as indicated in footnote (d). The table will be revised to include
maximum total metals results where available. Also, please note that maximum
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RI concentrations listed in the tables include all samples collected during the RI,
and is not limited to just those results used in quantifying risk in the HHRA.

COMMENT No. 34: Table 2-4: The table should be adjusted in accordance with
Table 1-1. Therefore, the PRG at IE-6 cancer risk and the PRG at HI of 1 each
would be as indicated (other risks can be determined by multiplication or division,
as appropriate; separation by target organ is also possible).

ADDITIONAL COMMENTS ON TABLE 2-4:
COMMENT No. 35A: Table 2-4 should also be footnoted or otherwise designated to
show that choosing all the numbers in the IE-4 column would result in a total
cancer risk greater than IE-4.

COMMENT No. 35B: Lead (Pb) should be added.

COMMENT No. 35c: The MCL/Act 2 column numbers should be amended as
follows: Aroclors, 0.5 ug/l; nickel, MCL remanded; identify source of zinc,
vanadium and 1,3-DCB numbers. Copper has an Action Level of 1300 ug/1. Add
values for 1,2-DCE, silver, barium, cyanide, mercury, and lead.

COMMENT No. 35o: EPCs should be: 1,2-DCE, 9 ug/l; aluminum, 162000 ug/l;
cadmium, 67 ug/l; zinc, 36000 ug/l; chromium, 230 ug/l; vanadium, 280 ug/l; 1,1,1-
TCA, 63 ug/l; copper, 950 ug/l; silver, 16 ug/l; barium, 1110 ug/l; cyanide, 38 ug/l;
mercury, 0.96 ug/l.

COMMENT No. 35E: The maximum concentrations based on the RI risk assessment
should be: 1,2-DCE, 9 ug/l; Aroclor 1254, 47000 ug/l; Aroclor 1248, 30000 ug/l;
arsenic, 34.9 ug/l; beryllium, 11.5 ug/l; Aroclor 1260, 5.6 ug/l; benzene, 290 ug/l; 1,4-
DCB, 360 ug/l; 2,3,7,8-TCDD, 8.4E-6 ug/l; 1,2,4-TCB, 48000 ug/l; chlorobenzene,
310 ug/l; manganese, 124000 ug/l; iron, 477000 ug/l; aluminum, 162000 ug/l;
cadmium, 67.4 ug/l; zinc, 38700 ug/l; chromium, 250 ug/l; vanadium, 284 ug/l; 1,3-
DCB, 510 ug/l; copper, 948 ug/l; nickel, 290 ug/l; silver, 60.9 ug/l; barium, 1420
ug/l; cyanide, 205 ug/l; mercury, 0.96 ug/l; lead, 692 ug/l.

COMMENT No. 35F: The maximum concentrations from 1999 data should be: 1,2-
DCE, 1 ug/l; aluminum, 75.5 ug/l; silver, 4.6 ug/l; barium, 581 ug/l; cyanide, NA;
mercury, 0.47 ug/l; lead, ND. For chromium, the value should be 5.5 ug/l (5.8 ug/l in
OS7A is for the south sector, not the middle sector).

RESPONSE: Table 2-4 will be modified in response to these comments. Note that
for inorganics, the maximum detected concentrations were shown for dissolved
(filtered) metals, as indicated in footnote (d). The table will be revised to include
maximum total metals results where available. Also, please note that maximum
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RI concentrations listed in the tables include all samples collected during the RI,
and is not limited to just those results used in quantifying risk in the HHRA.

COMMENT No. 36: Table 2-5: The table should be adjusted in accordance with
Table 1-1. Therefore, the PRG at IE-6 cancer risk and the PRG at HI of 1 each
would be as indicated (other risks can be determined by multiplication or division,
as appropriate; separation by target organ is also possible):

ADDITIONAL COMMENTS ON TABLE 2-5:
COMMENT No. 37A: Table 2-5 should also be footnoted to show that choosing all the
numbers in the IE-4 column would result in a total cancer risk greater than IE-4.

COMMENT No. 37fi: The MCL/Act 2 column numbers should be amended as
follows: Aroclors, 0.5 ug/l; identify source of benz[a]anthracene number. Add
values for aluminum, barium, cadmium and manganese.

COMMENT No. 37c: The maximum concentrations based on the RI risk assessment
should be: 2,3,7,8-TCDD, 3.55E-6 ug/l; aluminum, 7690 ug/l; barium, 300 ug/l;
cadmium, 2.5 ug/l; manganese, 133 (Ig/l.

COMMENT No. 37o: The maximum concentrations from 1999 data should be:
aluminum, 561 ug/l; barium, 2090 ug/l; cadmium, ND; manganese, 92.5 ug/l.

RESPONSE: Table 2-5 will be modified in response to these comments. Note that
for inorganics, the maximum detected concentrations were shown for dissolved
(filtered) metals, as indicated in footnote (c). The table will be revised to include
maximum total metals results where available.

COMMENT No. 38: The text in Section 3.3 pertaining to the retention of remedial
technologies after secondary screening does not correlate with the associated tables.
Please review and revise accordingly. The following discrepancies were noted:

Section 3.3.1.10 vs. Table 3-1; enhanced biodegradation
Section 3.3.2.6 vs. Table 3-2; onsite POTW disposal
Section 3.3.2.8 vs. Table 3-2; groundwater reinjection
Section 3.3.2.9 vs. Table 3-2; air stripping
Section 3.3.2.14 vs. Table 3-2; permeable reactive barriers
Section 3.3.2.15 vs. Table 3-2; in-well stripping
Section 3.3.3.4 vs. Table 3-3; vertical barriers
Section 3.3.3.10 vs. Table 3-3; chemical oxidation

RESPONSE: These items will be reviewed and revised as appropriate. Please note
that Tables 3-1 through 3-3 represent an initial screening phase, with qualitative
comparisons being made relative to other process options within the same
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technology class. The discussions in Section 3.3 represent the secondary
screening phase, with a more detailed review of the screening criteria.

COMMENT No. 39: Table 3-1: It is not clear why the treatment methods were
screened out when only the cost appears unfavorable. Explanations of this should
be provided in the text.

RESPONSE: The text and table will be reviewed and modified as appropriate.

COMMENT No. 40: Section 3.3.2: Dioxins are also risk drivers in groundwater and
should be noted as such.

RESPONSE: The text will be revised accordingly.

COMMENT No. 41: Section 3.3.2; page 3-13: Rather than omitting methods for
inorganics, the FS should have assumed metals treatment would be necessary unless
and until the RD shows otherwise. This approach has been taken in other Region 3
RODs where the metals could not be eliminated as site-related during the RI (e.g.,
1990 ROD for Keystone Sanitation Landfill).

RESPONSE: The text will be revised to include consideration of groundwater
treatment for inorganics. Note that in the case of a pump and treat system with
discharge to the river, treatment of inorganics would likely be as needed to meet
the requirements of a discharge permit. These requirements may or may not be
the same as the cleanup goals for the aquifer.

COMMENT No. 42: Section 3.3.3: Please explain why surfactant flushing was not
included as a potential product recovery technique.

RESPONSE: CBS concurs that surfactant flushing should be included as a
potential product recovery technique. The text will be revised accordingly.

COMMENT No. 43: Section 3.3.3 did not discuss groundwater depression or offsite
disposal, both of which appear on Table 3-3.

RESPONSE: The text will be revised appropriately.

COMMENT No. 44: Table 3-3: It is not clear why the permeable reactive barrier
was screened out, since the table shows it as potentially effective and readily
implementable, with a moderate to low cost.

RESPONSE: The effectiveness of a permeable reactive barrier is largely
dependent on the flow of the impacted media (in this case, NAPL) through the
barrier. Based on aquifer monitoring activities over the last 10-15 years, it
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appears that the NAPLs at the site, and in particular the DNAPLs, are relatively
immobile. As such, a permeable reactive barrier would likely be an ineffective
means of reducing COPC mass in site NAPLs.

COMMENT No. 45: Section 4.1; page 4-1: Please explain why no alternatives were
developed for Limited Action (Site Monitoring) and Natural Recovery (Natural
Attenuation/Resedimentation). Also, monitoring (including monitoring of levels of
site-related contaminants in fish tissue) and institutional controls (such as
consumption advisories currently in place or needed in the future) should be
components of all alternatives.

RESPONSE: CBS concurs that a "Limited Action/Natural Recovery" alternative
should be included among the sediment alternatives. The report will be revised
accordingly.

COMMENT No. 46: Section 4.1; page 4-3; First Paragraph: Please explain whether
there is any regulatory basis (such as other RODs) for utilizing the 10 ppm level, or
any other level, for PCB cleanup of riparian areas.

RESPONSE: CBS could not locate a regulatory precedent for the specific clean up
of riparian soils within USEPA Region HI. The majority of RODs issued by
USEPA to date have provided clean up levels for sediment as well as for other
site soils, with no specific consideration of riparian soils.

The October 7, 1999 cleanup agreement between USEPA and General Electric for
the Housatonic River Site in Pittsfield, Massachusetts calls for the removal of
non-residential floodplain and bank soils with greater than 10 ppm PCBs in the
top 12 inches, and greater than 15 ppm PCBs in the 12 to 36 inch interval, for
"protection of human recreational users and biological receptors."

COMMENT No. 47: Section 4.2; page4-6: Table 3-3 indicates that in-situ chemical
oxidation (ISCO) is a potential process option for NAPLs. The bench-scale studies
exhibited good destruction of NAPLs. Please explain why it was not included under
Section 4.2. Other modifications to this section in response to Comment No. 38
above should also be included.

RESPONSE: Discussions with technology vendors for this process option
indicated that based on the current estimates of contaminant mass in the
subsurface, using ISCO as a primary treatment method would be extremely cost
prohibitive (in excess of $130 million), and is more appropriate as a secondary or
tertiary "polishing" process after more direct NAPL removal techniques are
employed.
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COMMENT No. 48A: Section 4.2.5: The institutional controls have been treated as
primarily temporary (i.e., 30 years with reevaluation). For institutional controls to
contribute to the protectiveness and permanence of a remedy, they should be
assumed to extend beyond 30 years.

RESPONSE: CBS concurs that the duration of institutional controls should be until
the threats the controls are intended to mitigate have been reduced to acceptable
risk levels, as described in Section 4.2.2.

COMMENT No. 48B: Section 4.2.5; Page 4-14: This alternative is virtually the same
as Alternative 3B, which, calls for NAPL recovery and requires homogenizing of
NAPLs through the aqueous phase in order for biodegradation to occur. Please
revise accordingly.

RESPONSE: Alternative 5 includes the components of Alternative 3B, but in
addition includes the in-situ treatment of impacted groundwater in a much larger
portion of the aquifer than the NAPL areas. See response to Comment No.3.

COMMENT No. 49: Page 5-10, 2nd paragraph and page 5-12,1st paragraph: The
ARARs statement(s) for the sediment cleanup alternatives should be revisited.
Land Disposal Restrictions under RCRA might be potential ARARs for sediment
cleanup. Also, the CWA, SDWA, and Pennsylvania's Clean Streams Law, Solid
Waste Management Act and residual waste regulations are potential ARARs.

RESPONSE: These potential ARARs will be considered in reviewing and if
appropriate revising the text. Note that based on existing sediment quality data,
CBS does not anticipate that the RCRA LDR concentrations will be exceeded.

COMMENT No. 50: Section 5.3.3; Page 5-11; Second Paragraph: There is a risk
posed to human health through consumption offish that potentially adsorb the site-
related contaminants from the sediments. Currently, this is somewhat controlled
institutionally by a consumption advisory.

RESPONSE: A discussion of this potential risk will be incorporated in the text.

TABLE 5-2
COMMENT No. 5lA: It is not clear why No Action is fair, rather than poor, for
overall protectiveness.

RESPONSE: The No Action alternative for sediment was rated fair for overall
protectiveness on the basis that there is currently no unacceptable risk to human
health, but there is a potential risk to the environment.
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COMMENT No. 5lB: It is not clear why Alternatives 2 and 3 would be fair, rather
than good, for reduction of mobility. ,s r

RESPONSE: We concur that these alternatives would be good for reduction of
mobility, although there would be a short-term increase in mobility associated
with implementation.

COMMENT No. 51c: Although It may present some minor short-term risk to human
health that can be minimized, U Is not clear why Alternative 3 would be poor, rather
than good, for overall protection of human health and the environment Please
revise the table and text accordingly.

RESPONSE; These sediments do not currently pose an unacceptable risk to human
, health. While CBS concurs that steps can be taken to reduce the potential human

health risks associated with this alternative, CBS does not consider the short-term
risk to human health associated with the excavation of sediments, particularly in
the immediate vicinity of the water company intake, to be "minor." Included in
the definition of overall protectiveness is that implementation of a remedy cannot
result in unacceptable short-term risks to, or cross-media effects on, human health
and the environment.

tABLE5-4:
COMMENT No. 52A: It is not clear why No Action is fair, rather than poor, for
Overall protectiveness.

RESPONSE: .This alternative was rated fair for overall protectiveness on the basis
that under current and reasonably anticipated future land and groundwater use,
there is no unacceptable risk to human health due to impacted groundwater and
NAPLs.

COMMENT No. 52fi: It Is not clear why Alternative 2 is rated equally as good as
Alternatives 3 through 5 for overall protectiveness (especially since they differ with
respect to long- and short-term effectiveness and ARARs compliance).

RESPONSE: CBS concurs with this comment, and the text and table will be
revised accordingly.

COMMENT No. 53: Section 6.0: This introductory section should also acknowledge
the expectation of restoration to beneficial use that Is noted in the NCP.

: RESPONSE: The text will be revised to acknowledge this expectation where such
restoration is deemed to be practicable.
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COMMENT No. 54: Section 6.1.1,2nd paragraph: The second sentence contains the
phrase "in exceedance of which, is often used as engineering jargon, is not a
legitimate word and should be replaced with a word such as exceeding.

RESPONSE: The text will be revised appropriately.

COMMENT No. 55: Section 6.2: Dioxins are also risk drivers.

RESPONSE: The text will be revised appropriately.

COMMENT No. 56: Section 6.3.2 describes NAPL removal as producing only
"minimal improvement" in terms of COPC mass removal. This seems to contradict
the earlier descriptions of these remedies and the last paragraph of Section 6.4. It
also contradicts the assumption throughout the report that NAPL removal would be
the most significant reduction of contamination, since only natural attenuation is
proposed as an active remedy for non-NAPL constituents.

RESPONSE: The sentence is intended to state that Alternatives 4 and 5, which
include NAPL removal and treatment of groundwater in non-NAPL areas (see
response to Comment No. 3), do not provide a significant improvement in terms
of COPC mass removal relative to Alternative 3, which includes NAPL removal
and natural attenuation. Thus, this section does not contradict the assumption that
NAPL removal would provide the most significant reduction of contaminant mass
in the subsurface. This section will be modified for clarity.

COMMENT No. 57: Table 1-2: The lettered footnotes do not have corresponding
letters in the table.

RESPONSE: The table will be revised accordingly.

COMMENT No. 58: Appendix B is provided as a sample ordinance. It is important
to note that this sample includes certain exceptions, such as wells being "grand
fathered in", and those with connections outside a certain distance not being
required to use public water. Any exceptions in such an ordinance at the Site would
have to be carefully evaluated to ensure protectiveness.

RESPONSE: CBS concurs with this comment, and references to this appendix will
be modified accordingly.

COMMENT No. 59: Also, any additional information from the installation of the two
additional bedrock wells as approved in the February 3,2000 submittal titled
"Proposed Plan (Revision 2.0)- Installation of Additional Bedrock Groundwater
Monitoring Wells/Abandonment of Well M-l IB" for the Westinghouse Sharon Site
should be included, either in the revised OU-2 FS Report, or in a separate

rUMMINGS
AR302809



addendum. Included should be an analysis of bedrock cleanup alternatives based
on the information obtained from the additional well installation. Please notify the
Department at least one week prior to the commencement of field activities or if
there are any scheduling problems.

RESPONSE: The revised OU-2 FS Report will include the most up-to-date
information available on the bedrock groundwater assessment activities. CBS
anticipates that a separate addendum will be required to incorporate the results of
the assessment and analysis of bedrock remedial alternatives.
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